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A NEW SYSTEM OF SHORT WAVE AMPLIFICATION* 


By 
EpwiIn H. ARMSTRONG 


(COLUMBIA UNIVERSITY, NEw YORK) 


The problem of receiving weak signals of short wave length 
in à practical manner has become of great importance in recent 
years. This is especially true in connection with direction finding 
work where the receiver must respond to a very small fraction 
of the energy which can be picked up by a loop antenna. 

The problem may be summed up in the following words:— 
to construct a receiver for undamped, modulated continuous, 
and damped oscillations which is substantially equally sensitive 
over а range of wave lengths from 50 to 600 meters, which is 
capable of rapid adjustment from one wave to another, and 
which does not distort or lose any characteristic note or tone 
inherent in the transmitter. 

It is, of course, obvious that some form of amplification must 
be used, but a study of the various known methods soon convinces 
one that a satisfactory solution cannot be obtained bv any direct 
method. In the interests of completeness, we will consider the 
three well-known direct means which might possibly be employed, 
and examine the limitations which apply to each. "These three 
methods are:— 

(1) Amplification of the audio frequeney current after 
rectification; 

(2) Amplifieation of the radio frequency current before 
rectification; and 

(3) Application of the heterodyne principle to increase the 
efficiency of rectification. 

Consider first the method of rectifying the radio frequency 
current and amplifying the resulting audio frequency current. 
Two limitations at once present themselves, one inherent in 
audio frequency amplifiers, and the other inherent in all known 
rectifiers. The limitation in the amplifier is the residual noise 

* Presented before THE INSTITUTE OF RADIO ENGINEERS, New York, De- 
cember 3, 1919. Received by the Editor, January 12, 1920. 
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which makes it impractical to use effectively more than two stages 
of amplification. The second limitation lies in the characteristic 
of the detector or rectifier. All rectifiers have a characteristic 
such that the rectified or audio frequency current is roughly 
proportional to the square of the impressed radio frequency 
emf. Hence the efficiency of rectification. becomes increasingly 
poorer the weaker the signal until a point is reached below which 
the detector practically ceases to respond. 

The second method of attack on the problem is the amplifica- 
tion of the received radio frequeney currents before rectification 
to a point where they can be efficiently dealt with by the detector. 
This method is ideal on long waves, and various methods of 
inductance, resistance, and capacity couplings have been suc- 
cessfully used, but when the attempt is made to use the same 
methods of coupling on wave lengths below 600 meters, it results 
in complete failure. This is because the low capacity reactance 
existing between the various elements of the tubes causes them, 
in effect, to act as a short. circuit around the coupling means and 
thereby prevents the establishment of a difference of potential 
in the external plate circuit. It is, of course, possible to eliminate 
the short-circuiting by tuning with a parallel inductance but 
this introduces a complication of adjustment which is highly 
objectionable and the tuning of all circuits also leads to difficulty 
with undesirable internal oscillations. 

The third method which might be used is the heterodyne 
method to increase the efficiency of rectification. Great increase 
in signal strength is possible by means of this method, particu- 
larly where the signal is very weak, but there are certain reasons 
why it cannot be effectively used in practice at the present time. 
The chief reason in receiving continuous waves of short wave 
length is the instability of the beat tone which makes operations 
below 600 meters unsatisfactory. This disadvantage does not 
apply to the reception of spark signals but here the loss of the 
clear tone and its individuality offsets much of the gain due to 
increased signal strength. In the case of telephony the distor- 
tion which always results likewise offsets the gain in strength. 
It is, of course, undeniable that there are many special cases 
where the use of the heterodyne on short wave lengths is of the 
greatest advantage but the foregoing remarks apply to the broad 
field of commercial working where the practical aspects of the 
сазе greatly reduee the value of the amplification obtained by 
this method. 

In spite of the great difficulties involved in a direct solu- 
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tion, great success was obtained by Round in England and Latour 
in France in the production of radio frequency amplifiers to cover 
effectively a range from 300 to 800 meters. This result was 
accomplished only by the most painstaking and careful experi- 
ment and it represents some of the very finest radio work carried 
out during the war. Round secured his solution by construct- 
ing tubes having an extremely small capacity without increase 
in internal resistance above normal values and coupling the tubes 
by means of transformers wound with very fine wire to keep 
down the capacity and very high resistance to prevent oscilla- 
tion at the resonant frequency of the system. The effect of 
the high ratio of inductance to capacity and the high resistance 
of the winding is to flatten the resonance curve of the system 
and widen the range of response. Latour solved the problem 
by the use of iron core transformers wound with very fine wire, 
the iron serving the double purpose of increasing the ratio of 
inductance to capacity and introducing resistance into the 
system. Both these factors widen the range of response. 

It is the purpose of this paper to describe a method of recep- 
tion evolved at the Division of Research and Inspection of the 
Signal Corps, American Expeditionary Force, which solves the 
problem by means of an expedient. This expedient consists in 
reducing the frequency. of the incoming signal to some prede- 
termined super-audible frequency which can be readily amplified, 
passing this current thru an amplifier, and then detecting or 
rectifying the amplified current. The transform tion of the 
original radio frequency to the pre-determined value is best ac- 
complished by means of the heterodyne and rectification, and 
the fundamental phenomena involved will be understood by 
reference to the diagram of Figure 1. Here LC represents the 
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usual tuned receiving circuit, loop or otherwise, Н a separate 
heterodyne, and D, a rectifier. A is a radio frequency amplifier 
designed to operate on some pre-determined frequency. This 
frequency may be any convenient frequency which is substan- 
tially above audibility. The amplifier is connected on its input 
side to the rectifier Di, and on its output side to a second rectifier 
Р» and a telephone or other receiver. 

Suppose now that the frequency to be received is 3,000,000 
cycles per second corresponding to a wave length of 100 meters 
and, for the sake of simplicity, that the incoming waves are 
undamped. Also, assume that the amplifier A has been designed 
for maximum efficiency аё 100,000 cycles per second. The 
circuit LC is tuned to 3,000,000 cycles, and the heterodyne H 
is adjusted to either 3,100,000 or 2,900,000 cycles cither of 
which will produce a beat frequency of 100,000 cycles per second. 
The combined currents of 3,000,000 and 3,100,000 (or 2,900,000) 
cycles are then rectified by the rectifier Dj to produce in the 
primary of the transformer Т, a direct current with a superim- 
posed 100,000-cycle component. This 100,000-cvcle current 
is then amplified to any desired degree by the amplifier A and 
detected or rectified by D2. In order to get an audible tone where 
telephone reception is used some form of modulation or interrup- 
tion must, of course, be employed in connection with this second 
rectification as the current in the output circuit of the amplifier 
is of a frequency above audibility. While this frequency is 
only 100,000 cycles and while it is therefore well within the range 
of practical heterodyning, its steadiness depends on the beats 
between 3,000,000 and 3,100,000 cycles per second and hence 
in any attempt to heterodyne it to audibility the same difficulties 
due to fluctuation would be encountered as in heterodvning the 
original radio frequency to audibility. However, the inability 
to use the heterodyne on the second rectification is not of great 
importance because the amplitude of the signal to be rectified 
is large and hence the difference (as far as signal strength in the 
telephone is concerned) between heterodyne and modulated 
reception is not great. 

It is important to note here that the value of the heterodyne 
. current in the first rectifier should always be kept at the optimum 
value in order to ensure the carrving out of the first rectification 
at the point of maximum efficiency. This adjustment, however, 
is not a critical one, and, once made, it is seldom necessary to 
change it. The amplifier A mav be made selective and highly 
regenerative if so desired, and some very great increases in the 
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selectivity of the system as a whole сап be secured. Figure 2 
illustrates the principle involved. This arrangement is sub- 
stantially the same as Figure 1 except that the primary and 
secondary coils of the transformer Т, are tuned by means of 
condensers as shown and the coupling between them is reduced 
to the proper value to insure sharp tuning. This system of 


FIGURE 2 


connection has all the advantages of tuning to the differential 
frequency in the manner well known in the art and an additional 
one due to the fact that since it is above audibility the musical 
character of atmospheric disturbances so troublesome in audio 
frequency tuning, does not appear. 

So far, the reception of undamped waves only has been con- 
sidered, but this method of amplification is applicable also to the 
reception of damped wave telegraphy and to telephony with 
practically equal efficiency and without distortion of any char- 
acteristics of tone. It is somewhat difficult to understand this, 
particularly in the case of the reception of spark signals as in 
all previous experience the heterodyning of а spark signal has 
resulted in the loss of the note, whereas in the, present case the 
individuality between stations is more marked суеп than on а 
crystal rectifier. 

This is the most interesting point in the operation of the 
system and the reason will be understood from the following 
analysis: 

In heterodyning, the efficiency of rectification of the signaling 
current depends on its phase relation with the local current. If 
the two currents are either in phase or 180? out of phase the ef- 
ficiency of rectification is a maximum; if 90? out of phase a min- 
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imum. In ordinary heterodyning, the initial phase difference 
depends on the time of sparking at the transmitter and hence 
this initial phase difference will be different for each wave train. 
As the frequency of the two currents are substantially the same, 
and as the duration of a wave train is short compared to the time 
necessary to produce a complete beat at an audible frequency, 
this initial phase difference is maintained thruout the wave train. 
Hence, the different wave trains are rectified with varying ef- 
ficiency, the telephone current becomes irregular, and a rough 
or hissing tone results. 

In the present method of heterodyning, the beat frequency is 
high so that several beats per wave train are produced. As 
a consequence, the phase angle between the signaling and local 
currents varies thru several cycles and the initial phase difference 
becomes a matter of minor importance. The number of beats 
which actually occur in practice depends on the beat frequency, 
the damping of the incoming wave, and the damping of the re- 
ceiving circuit. As the damping of the receiving circuit is almost 
invariably much less than the damping of the incoming wave, it 
is the determining factor. In апу practical ease, however, 
where the beat frequency is kept above 20,000 cycles per second 
there is a sufficient number of beats to minimize the initial phase 
differences and maintain the characteristic tone. 

The phenomena which occur in the reception of modulated 
continuous wave telegraphy and telephony are substantially 
a combination of those explained in the cases of undamped and 
damped wave reception. The adjustments are made in the same 
manner as for damped waves and the only precaution necessary 
in the reception of telephony is to damp the amplifier circuits 
somewhat to prevent distortion of the speech by excessive re- 
sonance. 

The general arrangement found most suitable for practical 
working is shown in Figure 3. Both rectifications are carried 
out by three-element vacuum tubes. The amplifier here shown 
is resistance coupled, although any form of coupling may be used. 
The tuned circuits LC апа LC} are preferably adjusted to some 
frequency between 50,000 and 100,000 cycles. The circuit LC 
may be made regencrative, if so desired, by any form of reactive 
coupling, but the practicability of this depends largely on the 
amount of time which is available for making adjustments. 

In the diagram of Figure 3, only two stages of radio frequency 
amplification are shown, but at least four and preferably six 
should be used to get the maximum advantage of this method. 
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This 1s because the transformation of frequency is accomplished 
only by a certain loss so that something between one and two 
stages of amplification is required before this is overcome and it 
is possible to realize a gain. In this figure a separate heterodyne 
is shown, and it will generally be necessary to use it on account 
of the mistuning which is involved in the use of the self heterodyne 
This mistuning is considerable on 600 meters but on the shorter 
waves it is possible to use the self heterodyne method with equal 
efficiency as far as signal strength is concerned and a great gain 
in simplicity, as adjustments have been reduced to the minimum 
of a single one. 


FIGURE 3 


It may be observed here that this method is not limited to 
one transformation of frequency with one subsequent amplifica- 
tion. If the frequency to be received is 5,000,000 cycles this 
may be stepped down to 500,000 cycles, amplified, stepped down 
again to 50,000 cycles, re-amplified and detected. The great 
advantage of this method of amplification is that the tendency 
to oscillate due to the reaction between the output of the ampli- 
fier and the input is eliminated as the frequencies are widely 
different. The only reaction which can take place is in each 
individual amplifier. Hence, the process of extreme amplifica- 
tion is best carried out in stages of several frequencies, the ampli- 
fication on each frequency being carried as far as possible with- 
out. loss of stability. As soon as the limit of stable operation is 
approached, no further amplification should be attempted until 
the frequency has been changed. 

The foregoing descriptions and explanations do not pretend 
to any save a most superficial treatment of the phenomena present 
in this method of reception. Lack of time has prevented a care- 
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ful study and quantitative date only of the roughest sort has been 
obtained. Sufficient work has been done, however, to demon- 
strate the value of the method particularly in the case of modu- 
lated continuous wave telegraphy and telephony. In this field 
neither the amplifieation nor the selectivity can be equalled by 
any direct method. 


FIGURE 4 


The practical results which have been obtained may perhaps 
be of interest. With a ten-turn, three-foot (1 meter) loop an- 
tenna and an amplifier consisting of six stages, resistence coupled, 
making a total of eight tubes, the night signals of ships working 
with the Florida and Gulf stations are loudly received. The 
night signals of amateur stations in the Middle West are regularly 
received as are also the signals of stations in the Gulf States. 
The general arrangement of the apparatus used is shown in 
Figures 5 and 6 which illustrate the scheme of connections of 
the frequency transformer and amplifier respectively. Four 
stages of amplification only are shown but six were actually used. 


To 
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FIGURE 5 
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It is beyond question much more efficient {о use some form of 
inductive coupling since the amplifier is intended to operate 
on only one frequency and the use of a resistance coupled ampli- 
fier is not recommended where one of the former type is available. 

The new practice of this method involves the use of many 
known inventions, but in connection with the production of a 
superaudible frequency by heterodyning I wish to make due 
acknowledgment to the work of Meissner, Round, and Levy, 
which is now of record. The application of the principle to the 
reception of short waves is, I believe, new and it is for this reason 
that this paper is presented. 
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FIGURE 6 


While the fundamental idea of this method of reception is 
relatively simple, the production of the present form of the ap- 
paratus was a task of the greatest difficulty for reasons known 
only too well to those familiar with multi-stage amplifiers; and 
to Lieutenant W. A. MacDonald, Master Signal Electricians 
J. Pressby and H. W. Lewis, and Sergeant H. Houck, all of the 
Division of Research and Inspection Signal Corps A. E. F., 
I wish to give full credit for its accomplishment. 

Hartley Research Laboratory, 
Columbia University, New York City. 


SUMMARY: The various possible known methods of amplifying incoming 
signals of very short wave length (below 600 meters) are described and their 
limitations considered. 

The new method then described consists (for continuous wave reception) 
of the following steps:— 

1. Heterodyning, with the production of a beat frequency which is 
itself a radio frequency (for example, 100,000 cycles per second). 

2. Rectification of the beat current. 

3. Amplification at the beat radio frequency, preferably by a tuned 
amplifier. 

4. Audio frequency modulation of the amplified current. 

5. Rectification of the modulated current. 

For reception of damped wave or radiophone signals, step 4 is omitted. 
It is shown that in this case the quality (characteristic tone) of the incoming 
signals is preserved. 
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DISCUSSION 


A. S. Blatterman (by letter received December 17, 1919): 
Up to the present time it has been found very difficult to 
amplify radio signals having oscillation frequencies of the order 
of 1,000,000 cycles and practically impossible to do so when the 
frequency reaches 3,000,000 evcles or greater. The difficulties 
are attributable chiefly to capacity effects in the vacuum tubes 
as well as in the wiring, and also because it is a fairly difficult 
problem to build a really satisfactory coupling impedance or 
transformer to connect up the output of one tube with the input. 
side of the tube next in the series when the frequeney is very 
high. Movements of the hands of the operator or of his body 
near the apparatus in such cases cause extremely minute changes 
in capacity which are, nevertheless, sufficient to cause changes in 
tuning that seriously reduce the received signals. 

Moreover, it is seldom, if ever, that a radio receiver can be 
designed for a single frequeney. Both at the extremely high 
frequencies just mentioned as well as for the lower frequencies 
corresponding to long wave lengths, it is practically always 
necessarv to arrange for reception over a more or less limited 
range of wave lengths and this requirement has also been a very 
serious factor in the design of all radio frequency amplifiers up to 
the present time. At radio frequencies it is possible, convenient 
and desirable to use tuned transformers for the couplings be- 
tween successive stages; but because of the necessity for making 
the amplifier responsive over a large number of wave lengths the 
tuning of the transformers must be relatively broad. This 
involves the arbitrary introduction of resistance into the circuits 
and the loss in efficieney that results seriously reduces the overall 
amplification. 

Major Armstrong has met the above difficulties in the way of 
radio frequency amplification by a method which in principle is 
as simple as it is highly ingenious, and, at least for the amplifica- 
tion of excessively short wave lengths, appears to be a satisfactory 
solution of the problem in hand. The principle ean, as Is stated 
by Major Armstrong, be applied to damped wave and continuous 
wave telegraphy and to telephony. For receiving continuous 
waves a second heterodyne, either. self or separate, must. be 
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brought to act on the second detector or else some form of chopper 
must be used. For very short waves of the order of 50 meters, 
it is possible to make a self-heterodyne of the first tube and thus 
avoid the extra adjustments and apparatus required by a separ- 
ate local oscillator. In this case it is advisable to use as low a 
beat frequency as possible in order not to necessitate too much 
mistuning, and to design the amplifier circuits accordingly. The 
question, however, of selecting the proper super-audible beat 
frequency and the actions involved in the performance of these 
circuits are not as simple perhaps as Major Armstrong may have 
led some of us to believe. Upon closer inspection it 1s found that 
certain limitations must be imposed upon the design, especially 
in application to the reception of spark and telephone signals, 
and it appears likely that the system cannot be used to advantage 
at all radio frequencies. 

The following paragraphs may be of particular interest in 
connection with the opinion held by some that the present ampli- 
fier will tend toward returning spark radio svstems to the favor 
accorded them before the advantages of continuous waves were 
so fully appreciated and utilized. | 


GENERAL THEORETICAL CONSIDERATIONS 


In the reception of continuous waves by the method under 
consideration the actions involved are relatively simple. "The 
interference of the incoming signal oscillation with that produced 
locally results in a beat frequency which is almost truly sinusoidal 
and makes the design of the coupling transformers a very satis- 
factory proposition with the possibility of securing maximum 
amplification through sharp tuning and accurate resonance 
adjustinents. In this case also, it is quite immaterial, as far 
as the operation of the amplifier is concerned, whether the super- 
audible beat frequency used is adjusted to something of the 
order of 100,000 or 200,000 cycles or whether it is set at a low 
value of say 15,000 cycles. 

For receiving spark signals, however, and for telephony the 
situation is somewhat different. Special precautions must be 
taken in order to avoid distortion effects, and the selection of 
proper value of the super-audible beat frequency is important. 

Figure 1 is supposed to represent trains of damped voltage 
oscillations such as are produced at the detector of a receiving 
circuit by a spark transmitter. The successive groups of oscil- 
lations recur at tonal frequencies, each group being the result of 
a discharge at the spark gap of the transmitter. The mathe- 
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matical expression for such a train of oscillations may be written 
as follows: 


[V+Visin (pt-F$i )+ї а уз +¥; sin (3 کک‎ + 
V, sin (n pt-$,)] sin wit (1) 


wherein the bracketed expression is the equation of the envelope 
curve bounding the amplitude of the radio frequency oscillations, 
expressed in the form of a Fourier's series, and the last term, 
sin wt, refers to the radio frequency oscillation of periodicity wı 
which is to be considered as an oscillation modulated at audible 
frequency according to the envelope curve just mentioned. 
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FIGURE 1 


The envelope contains a fundamental frequency corresponding 
to pand all the harmonics 2 p, Зр, 4p, ° ° * np characteristic of 
the spark frequency and of the decrements of the transmitter and 
receiver. Thus, ordinarily the periodicity р would correspond 
to а 500- or 1000-cycle spark and the harmonies may run to the 
10th or 20th before their amplitudes are small enough to make 
them negligible. Vi, Ve, V3, © ° ° V, designate respectively the 
AA of the fundamental and the various harmonics. 
ф\, фә, ° ° ° $, and so on represent their phases. 
The voltage produced by the local oseiliati on for heterody ning 
Is 
V’ cos («ug t4- 0) (2) 


The total or resultant voltage acting on the first detector at 
every instant 1s therefore given by the sum of expressions (1) 
and (2). This ean be written in the following form 


‘| («i з= р) 1+(Ф,— 0) (antpilo +0) 
Leos о — COS | 


с 
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—sin ^ сс» -——-— sin ә - 
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2 2 
+ 
: (wı —ws—np)t + (Pp, —0#) (о +оо пр) + (drat) 
+ „| cos - o». COS 9 
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— sin 7 an 9 : 
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In each of the bracketed terms four different frequencies 
appear, namely, 
«1— © Ер 


4 = 

«= mtk p 

TT 

(J1 + а» —k р 
Az 

(0| + ws К р 
4л 

k having the different values 1, 2, 3. 4, ° л corresponding to the 


Ist, 2nd, 3rd, 4th, or nth bracket involving the Ist, 2nd, 3rd, or 
nth harmonic. 

The explicit values of these frequencies depend principally 
upon the values w, and we of the incoming and local radio fre- 
quencies and also to an increasing extent upon the periodicities 
kp, of the audio harmonic spark frequencies, for the higher 
harmonics. Relatively the four frequencies concerned may be 
of the same or very different orders of magnitude, and the two 
cases presented hereby involve important practical considerations 
in the design and use of the amplifier. The two different con- 
ditions may be treated separately under the headings (1) Short 
Wave Reception and (2) Long Wave Reception. 
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SHORT Wave RECEPTION 
The wave lengths to be considered here are of the order of 
50 or 100 meters, or shorter. In this case w, and ‹ are both 
very large and of the four frequencies mentioned above the two 
involving the differences «;— wz are considerably smaller than 
the two comprising the sums «+ о. Thus, the two trigono- 
metric products which appear in each of the bracket terms of 
(3) indicate a radio frequency voltage of frequency 
o + c dc k p 
ges 


modulated by a considerably lower, tho still super-audible, 
frequency, in the present amplifier, of value 
an — wkp 
4r 
The form of such a voltage wave for one of the trigonometric 
products is shown in Figure 2. 
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GRAPH OF THE FUNCTION 
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FIGURE 2 


After rectification at the first detector tube the above frc- 

quencies are still essentially present and are impressed upon 
.  1— wk 

the amplifier proper. The frequencies ue T А are the heter- 

odyne beat frequencies produced by interference of the local and 

signal voltages. The transformers of the amplificr are designed 

for frequencies of their order of magnitude and are not, therefore, 


: otk 
affected by the radio frequencics ore “ No energy of 


these latter frequencies passes thru the amplifier. Neither does 
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energy of the incoming signalling (radio) frequency «, repre- 
sented by the last term of (3), particularly if the transform- 
ers between stages of the amplifier are not broadly tuned. This 
is the normal way in which the amplifier works and is that de- 
scribed by Major Armstrong. 

It is only the beat or difference frequencies 


«1 — 0з —k p wi—wetk p 
SS ИО €—— € 


4z 4z 
that have to be considered in designing the transformers and 
circuits. All of these frequencies lie in the neighborhood of the 
value 


@ ¬ we 
4r | 
which is the fundamental or basic beat frequency produced by 


the signal and local oscillations. They are greater and less than 
this value by {һе amounts 


p 2p Зр пр 
+E, +, ,ايو‎ e +, 
4 z 4 = 4z 4r 


The transformers are fundamentally designed for the basic 
or mean frequency (ал = о) /4 я. This can be adjusted by regu- 
lating the local oscillation but its proper value is by no means 
immaterial. It is limited in the lower ranges by the fact that it 
must be above audibility, and thus about 20,000 cycles is as low 
as is permissible. The limitations in the other direction are 
those usually encountered in amplification of extremely high 
frequencies and a value of 5 х 10° cycles is about as high as can 
be used effectively. 

The transformers should be as sharply tuned as possible to 
permit the building up of high voltages and avoid losses in re- 
sistance. A second requirement is that there shall be no dis- 
tortion in the tonal quality of the received signal as it passes 
thru the transformers. This means that essentially all of the 
harmonics contained in the envelope curve of the arriving modu- 
lated oscillations must appear in the telephone current of the last 
detector. Thus, it is necessary to transmit equally thru the 
coupling transformers of the amplifier all of the frequencies. 

wi—wetk p wi—we—k p 
Е and = - 
4х 4x 
and while designing the transformers for the basic frequency 
(wı — оз) /4 я the tuning must be broad enough so that the response 
is practically uniform over all the frequencies up to n p/4z oneither 
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side of this basic value. A spark signal may contain appreciable 
harmonics up to the 10th or 20th which in a 500 cycle transmis- 
коп of the usual type would mean that the amplifier transform- 
ers at the receiver would have to pass side frequencies up to 
10,000 or 20,000 cycles above and below the basic frequency on 
which the design is based. 

Laboratory experience has shown that it is difficult to build 
high frequency transformers tuned flatly enough to pass fre- 
quencies more than about 40 per cent above and below their 
best frequeney. Even this value is accompanied by a marked 
loss of over-all efficiency because of the resistance effect, that must 
be introduced to broaden the tuning. It is obviously imprac- 
ticable, therefore, to use transformers designed for a heterodyne 
frequeney of 20,000 or 30,000 cycles, because a great many of the 
harmonie side frequencies that have to be transmitted to pre- 
serve the quality would be lost, and in order to get even a few 
of. them the flat tuning required and the resistance inserted to 
secure it would mean low efficiency. It is much better in this 
ease to work at a beat frequency of 100,000 cycles. The 10th 
harmonic in the spark signal under consideration, that is, 10,000 
eveles, is then only off tune by 1€ per cent which allows fairly 
good efficiency to be realized. in. the transformers. A beat 
frequency of 200,000 cycles would be even better. 

There is another circumstance which favors the use of high 
beat frequencies, at least for the reception of short. wave lengths, 
and that is that small changes in either the signal or the local 
oscillator frequencies such as might be caused by movements 
of the operator's hand or body in the neighborhood of one of 
the circuits, cause a much smaller percentage change in the beat 
frequency when this is high than when it is low, and the apparatus 
thereby becomes more nearly immune to such variations. At 
longer wave lengths, however, conditions are altered somewhat 
and there is an upper limit to the usable beat frequency. 

The beat frequeney ean be produced with the local frequeney 
(оо) either less or greater than the incoming frequency (w). It 
is usually best, with short waves, to make cw; less than wi, because 
it is then more easily controlled and freer from variations of the 
type just mentioned. 


Lona Wave RECEPTION 
In the reception of long wave lengths a condition arises 1n 
which the incoming signal frequeney is of the same order of mag- 
nitude as the heterodyne frequency for which the transformers 
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are designed. Such is the case, for instance, when receiving а 
wave length of 3,000 meters with an amplifier tuned to the beat 
frequency of 100,000 cycles. When this condition exists, the 
incoming frequency, w,/2z, represented by the last term of 
(3), passes thru the amplifier together with all the heterodyne 
frequencies 


wi—we—k p 
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and interfering with all of them in their different amplitudes and 
phases produces a conglomeration of resultants which will be 
heard in the telephones, after rectification at the last detector, 
as a badly distorted, mushy signal like that usually heard when 
receiving spark signals on an ordinary oscillating receiver. This 
will always happen if the incoming signal frequency passes 
thru the amplifier. In order to avoid the effect, therefore, it is 
necessary to design the amplifier for heterodyne frequencies that 
lie wholly outside the range of wave lengths to be received. It is 
easy to accomplish this, as will readily be seen, when short wave 
lengths are involved but when waves of one or several thousand 
meters are to be handled the proper selection of the value of the 
heterodyne frequeney requires careful consideration. 

As an example, consider the case of a receiver to function on 
all wave lengths from 1,000 meters to 5,000 meters; that is, 
300,000 cycles to 60,000 cycles. In order to avoid distortion of 
the kind just mentioned on certain wave lengths this whole band 
of frequencies is at once eliminated from use as heterodyne fre- 
quencies in the amplifier, and the range ought to be extended at 
least 10,000 cycles beyond this at both ends because the spark 
signal may contain appreciable harmonics up to this value and 
certain of the side frequencies of the incoming oscillation might 
therefore get directly through the amplifier and produce distor- 
tion. In the case under consideration, therefore, the amplifier 
ought to be designed for a frequency either less than 50,000 
cycles or greater than 310,000 cycles. 

The disadvantages in using low heterodyne frequencies (on 
the 50,000 cycle end in this ease) have been pointed out above 
in diseussing the reception of short waves. Broad transformer 
tuning with comparatively low efficiency is required to avoid the 
other kind of distortion due to elimination or at least the re- 
duction of the higher harmonics. But in addition to this there 
must be considered the fact that statie is always more pronounced 
at long wave lengths and an amplifier designed for low frequencies 
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might therefore be expected to be more affected by these dis- 
turbances than one using higher frequencies. 

For these reasons it appears very desirable to design the 
amplifier transformers for a beat frequency of the order of 350,- 
000 or 400,000 cycles, that is, about 750 meters, in the case under 
consideration. 

If spark or telephone signals were to be received on extremely 
long wave lengths such, for instanee, as 15,000 meters (20,000 
cycles) there is another consideration that would come in to 
limit the upper value of heterodyne frequency that could be 
used. This may best. be explained by reference to the formula 
(3) above. High heterodyne frequencies of the order of 500,000 
eycles cannot be used in this case because the sum of the signal 
and local frequencies (ол Бо» р) /4 = (carrier frequencies) 
would come thru almost as well as the difference or desired beat 
frequencies, namely, («i — «К p)/4 z (modulating frequencies) 
and very bad distortion would result. To take the figures given, 
fi, would be 20,000 cycles and fs 520,000 eveles. Their sum 
would be 540,000 and their difference 500,000, a variation of less 
than 10 per cent and both therefore conceivably within the work- 
ing range of an amplifier transformer. 

The type of distortion discussed above which is caused by 
the passage of the incoming frequency directly thru the amplifier 
and which results in a mushy, harsh signal сап be confined to a 
rather narrow range of wave lengths by making the tuning of 
the amplifier transformers sharp. But this cannot be carried 
to extremes or, as has already been explained, it will then not 
be possible to pass the side frequencies. "These will, in telephone 
transmissions, probably not exceed 2,000 cycles either side of 
the basic frequency but in spark signals may run to 10,000 cycles 
ог 82 in extreme cases. 


SHARPNESS OF TRANSFORMER TUNING 


In order to get an idea of the sharpness of tuning desirable 
in the transformers under different conditions the curves of Figure 
3 are given showing the variation of secondary transformer po- 
tential as function of the ratio f»/fi that is the ratio of the fre- 
quency to which the transformer secondary is tuned to the varying 
impressed frequency. Curve “a” isfora broadly tuned transformer 
of decrement 0.8; curve “b” represents sharper tuning with a 
decrement of 0.2. It will be seen that in the first case a fre- 
queney change of 10 per cent from the best value will cause a 
reduction in signal of about 5 per cent. In the second case, a 
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difference in frequency from the best value of only 2 per cent 
causes the same change in signal. 

If the 5 per cent reduction in potential for the side frequencies 
is assumed to be as much as is allowable in order to avoid dis- 
tortion, and if it is further assumed that as sharp tuning as 18 
represented by the curve “b” with 0.2 decrement is to be usable 
and the harmonics or side frequencies to be passed are to run to 
5,000 cycles then the basic heterodyne frequency for which the 
transformers must be set will have to be at least 250,000 cvcles; 
and if 10,000 cycles either side of the basie frequency are to be 
passed the latter cannot be less than 500,000 cycles, which 18 
about. the upper practical limit. It turns out, therefore, that. 


FIGURE 3 


curve “b” corresponding to a decrement of 0.2 represents about 
as sharp tuning as can be used, and even then it is necessary to 
use the higher range of available heterodyne frequencies. It is 
to be noted that this tuning is by no means sharp as judged by 
the standards usually set for radio circuits. 

With such tuning, frequencies 15 per cent greater and 30 
per cent less than that to which the transformer is tuned are 
only reduced in amplitude by one half, and considerable energy 
within these frequencies would get directly thru the amplifier 
and produce the distortion just mentioned with harsh signal. 
In figures, it may be expected, if the amplifier were tuned to 
3,000 meters, that mushy signals would be obtained for all 
waves between 3,900 meters and 2,550 meters. 
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If low heterodyne frequencies are to be employed then the 
tuning must be broader and the resonance curve “a” applies. 
Here, the allowable reduction of 5 per cent in response occurs 
for a change of about 10 per cent in frequency from the optimum 
value which means that the latter must be set for at least 50,000 
cycles if a side frequency of 5,000 cycles is to get thru sufficiently 
to prevent distortion. With such broad tuning, however, even 
frequencies of half the value for which the transformers are de- 
signed get thru directly with very little loss and distortion with 
the mushy, harsh type of signal may be expected over a wide 
range of wave lengths. 

For purposes of design of the transformers it is possible from 
the above considerations to decide on the most suitable heter- 
odyne frequency, the sharpness of tuning and the approximate 
decrement and to determine roughly the constants of the trans- 
former from the relations 

. To 
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Still another point is involved here. In a pair of tuned 
coupled circuits such as must be used in the amplifier, the sec- 
ondary and primary voltages are proportional inversely to the 
square root of the tuning capacities in the two circuits. That is 


To get large secondary potentials, therefore, it is best to use small 
‘apacity and large inductance. Then, in order to keep the tun- 
ing or decrement to the desired value, the resistance must be 
increased, and these statements would hold without any quali- 
fication were the output of the vacuum tubes not definitely 
affected by the transformer load in their plate circuits. 

When tuned, the secondary of a transformer introduces an 
effective resistance into the primary equal to 

M? с)? 
r2 

so that changing the resistance of the secondary to secure the 
decrement required to pass the side frequencies affects the load 
on the tube. What is desired is to get as high a potential Vi 
across the transformer primary as possible. This requires the 
load impedance to be high as compared with the internal tube 
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impedance. Increasing r» therefore militates against this and the 
best results can only be secured by careful adjustment of all of 
the factors, coupling, resistance, and inductance to the frequency 
involved. 
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EFFECT OF TRANSMITTER DECREMENT AND ATMOSPHERICS 


It appears that this type of amplifier functions most ef- 
fectively on incoming waves of low decrement and that atmos- 
pheric disturbances which are always highly damped or else 
actually dead beat may be eliminated to a very considerable 
degree. 

» Curve “b” of Figure 4 shows a train of oscillations in a re- 
ceiving circuit such as would be produced by a spark transmitter 
operating at 3,000 meters wave length and decrement 0.12. 
The decrement of the receiver for this curve was taken as 0.08. 
Curve “a” is similar but drawn for an excitation of high decre- 
ment, 2.08, approximating a static disturbance of the same 
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frequency as that to which the receiver is tuned, that is, 3,000 
meters. "These curves can both be represented by equations of 
the form of equation (1) in which the Fourier's series gives the 
equation of the envelope curve of the oscillations. , 

For the curve “b,” that is, the case of smaller damping, the 
different amplitudes of the harmonies and of the constant term 
in the representative series are as follows: 


V = 7.86 
Vi = 12.23 
V: = 5.92 
V3 = 3.72 
Г, 2.09 
V; = 1.56 
Vio = 0.40 
For curve “a” with high decrement the constants are: 
V =23.6 
Vi = 38.4 
V» = 24.0 
V3 = 19.2 
V = 14.3 
V; = 12.2 
Vi = 6.3 
Fa = 3.46 


The amplitudes of the fundamental and various harmonies in 
the two cases are plotted in Figure 5 assuming the fundamental 
to be 1,000 cycles as in the usual spark transmission. It is seen 
that the amplitudes in the highly damped signal fall off much less 
rapidly than those of the more lightly damped signal. "This 
means that in the former сазе a great deal of the total energy 18 
eontained in the harmonies, and if these are not passed thru the 
amplifier there will not only be distortion but loss in. volume of 
signal as well. The use of a feebly damped spark transmission 
with an amplifier tuned just sharply enough to pass the principal 
harmonies or side frequencies produced therefore gives a system 
which largely eliminates static disturbances. 

In this respect the present arrangement is more effective 
than the ordinary radio frequency amplifier. In the latter the 
presence of strong signal oscillations at the detector, after having 
passed the amplifier, amplifies the static in the same way that 
a locally produced frequency would, so that when the receiver 
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is tuned to the incoming signal very loud sounds are caused by 
the static. These diminish rapidly, however, as the receiver is 
detuned, because the signal energy then falls off and the ratio 
of this, the equivalent local oscillation amplitude, to the static 
amplitude being thus reduced there results a much greater than 
proportionate decrease in the endodyne amplification effect on 
the static, as has already been shown by Major Ármstrong in 
another paper." But in the new amplifier only the fundamental 
and the first few harmonies of the static impulse are amplified 
by these interaetions and thus much of the energy of such dis- 
turbances 1s lost. 
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FIGURE 5 


SUMMARY AND CONCLUSIONS 


The above discussion has referred particularly to signals 
produced by spark transmitters, but the same general considera- 
tions are involved in telephone transmissions, except that in the 
latter the harmonie side frequencies to be considered will not 
generally exceed 2,000 cycles. The only point concerned in the 
case of sustained wave reception is that involving the passage of 
the incoming frequency directly thru the amplifier and this 
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should be avoided with sustained waves for the same reasons 
that have been given to cover spark transmission. 

Several practical considerations have been omitted from the 
discussion. Of these, one of the most important is the difficulty 
that is encountered in placing the circuits of a radio frequency 
amplifier with their transformers in a box in such a way that sharp 
tuning may be obtained and yet not have the whole or part of 
the system go over into oscillation. This involves careful ad- 
Justment of the various couplings and the resistances of the cir- 
cuits and the proportions and arrangements are usually different 
for every wave length. It is suggested that an improvement 
might be made in this type of amplifier over the circuits that have 
been drawn by Major Armstrong, in which he uses air core tuned 
transformers in all of the stages of the amplifier, by the use of 
a tuned air core transformer behind the first detector tube feeding 
the first stage of the amplifier and with the stages following this 
coupled by means of carefully designed iron core transformers. 
The latter keep down stray field, and it has been found possible 
to build such transformers so as to get practically the maximum 
attainable amplification from the tube. By this arrangement 
the-sharpness of tuning required in the amplifier is furnished by 
proper design of the first air core transformer, and the trouble 
experienced from coupling back, when several stages all tuned 
to the same frequency are employed, is reduced by the use of the 
iron core transformers which follow. 

Two kinds of distortion are to be avoided. The first is caused 
by the passage of the incoming frequency directly thru the ampli- 
fier. The second is due to the more or less complete elimination 
of the harmonic side frequencies in passing thru the amplifier 
due to excessively sharp tuning. The type of amplifier in ques- 
tion is best suited to use on very short wave lengths, at least be- 
low 300 meters. At long wave lengths it is difficult to avoid 
distortion of the first of the two kinds mentioned, which, in the 
сазе of spark signals, results in а mushy, harsh note. Above 
600 meters this type of distortion may be expected to oceur over 
a hand of wave lengths from 15 per cent to 30 per cent above and 
below that for which the amplifier is designed. 

As regards an estimate of the allowable sharpness of tuning 
in different cases it would appear that this hes approximately 
between the limits set by decrements corresponding to 0.2, as 
about the sharpest tuning allowable, to about 0.8 for the broadest 
tuning. The latter would not be allowable except perhaps for 
the reception of very short waves. "These figures apply only to 
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the case where several tuned transformers аге used in cascade in 
the amplifier. If the arrangement using one air core transformer 
and the balance iron core broadly tuned instruments as Just 
described be used, the tuning of the first air core transformer 
might be made considerably sharper than this, of the order 
usually found in ordinary receiving tuners. 

In general, the basic frequency to be used in the design of the 
amplifier may be higher for long wave lengths than for short up 
to a certain point, the practical limit being in the neighborhood 
of 400,000 or 500,000 cycles for the reception of 6,000 meter 
spark signals. For very long waves the beat frequency cannot 
be made so high. ` 

The analysis indicates that the amplifier can be made to be 
freer from interference from highly damped spark stations and 
statie disturbances than the usual types. 

There is one other point that has not been mentioned tho 
I know it has already occurred to Major Armstrong himself. 
That is the question of the extent of the loss, if any, in effecting 
the change of incoming signal frequency to the value for which 
the amplifier is built. An experiment made? at Camp Alfred 
Vail in which the signal received on a simple non-regenerative 
tube was compared with that obtained by Major Armstrong’s 
arrangement using a separate heterodyne, a rectifying tube for 
the super-audio note, and a detector tube, indicated that about 
equal signals were obtained by each method. Apparently, the 
heterodyne amplification in the second case just about makes 
up for the loss which accompanies the change in frequency. 


Radio Laboratories, 
Camp Alfred Vail, New Jersey, 
December 4, 1919. 


Ву Mr. М. С. Batsel, Assistant Radio Engineer, Signal Corps, United 
States Army. 
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THE RELATION BETWEEN ATMOSPHERIC 
DISTURBANCES AND WAVE LENGTH IN 
RADIO RECEPTION*- 


By 
Louis W. AUSTIN 


{UNITED States NAVAL RADIO RESEARCH LABORATORY, 
WasHINGTON. D.C 


The fact that the atmospheric disturbances, commonly called 
"static" or “strays?” by American operators, increase with the 
wave length to which the receiving system is tuned has been 
known qualitatively for а number of years. "The object of the 
present experiments is to gain some degree of quantitative 
information on the subject. 

Neglecting the lightning clicks and hissing disturbances 
which for the most part produce little interference with commun- 
ication, we have in general to deal with the rumbling or grinding 
static which probably originates somewhere in the upper atmos- 
phere, and which may perhaps be compared in its method of 
propagation to radio signals sent out from an airplane. Regard- 
less of the orientation of the original oscillating body, the wave 
front spreads out in а more or less spherical form. When the 
wave strikes the earth the lines of force become grounded and 
travel off over the surface as tho transmitted from an antenna 
situated at some point roughly below the center of disturbance. 
Observations which will be described in another place, show that 
the wave front at 50 ft. (15 m.) from the ground is approximately 
vertical like that from a distant sending station. Of course 
there will be some disturbance centers nearly overhead, but these 
generally form only an insignificant portion of the whole. 

It has frequently been thought that static is entirely aperiodic, 
and that it produces a pure shock effect on the antenna. This 
seems somewhat doubtful, since none of the aperiodic types of 
artificial static produced in the laboratory, even of the most 
violent kind, have ever been anywhere nearly so difficult to 
eliminate as the natural disturbances. It seems more probable 
that it consists of a great number of distinct disturbances coming 


* Received by the Editor, January 15, 1920. Presented before THE IN- 
STITUTE OF RADIO ENGINEERS, New York, May 5, 1920. 
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from different sources and of widely varying wave lengths, thus 
producing a practically continuous disturbance spectrum, so 
that to whatever wave length the receiving apparatus is tuned, 
a corresponding static wave length is found. 

According to observations made independently at a number 
of points on the North Atlantic Coast, the heavy afternoon and 
night summer static appears to come generally from the south- 
west, while the lighter static of the forenoon and that observed 
during the cooler portions of the vear seems to be more evenly 
distributed in regard to points of the compass. It 1s also to be 
noted that this southwest static is usually more continuous than 
the other. 

The following experiments have been carried on at the Naval 
Radio Laboratory at the Bureau of Standards, and the receiving 
apparatus used is that described in the Nauen-Eilvese experi- 
ments! and in an article on the measurement of radiotelegraphic 
signals. The method of observation was as follows: 

The Laboratory antenna and secondary receiving circuit 
containing an oscillating audion were set on the required wave 
lengths, the adjustments being made as described in the articles 
cited. The strength of the disturbances was measured by the 
‘shunted telephone method, and since the individual distur- 
bances vary in intensity from second to second, it was necessary 
to adopt some arbitrary method of procedure in determining 
their audibility. After experimenting with different plans, it 
was decided to call the audibility of the disturbance, the setting 
of the audibilitv meter at which an average of three pulses of 
disturbance could be heard in the telephones in ten seconds. The 
observations were taken at about 10 a.m. and 3 p.m., the time 
consumed in each series for the range 3,000— 18,000 meters 
amounting to less than 15 minutes. Оп account of the lack of 
a definite pitch in the atmospheric disturbances as heard in the 
telephones, the accuracy cf observation is, of course, much less 
than in the measurement of received signals. For this reason, 
and on account of the irregularity of the phenomenon, the results 
are given in the form of curves rather than numerical tables. 
The work was begun in August, 1917, and since May, 1918, 
has been made a part of the daily routine of the laboratory. 
Of course it ¿is impossible in an article of this kind to give more 
than a very small portion of the data accumulated. Therefore, 


! «Journa! of the Franklin Institute," pare 605, 1916. 
? PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, volume 5, page 
239, 1917. 
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it has seemed best to pick out sample periods which are typical 
of the general conditions observed. 

Figure 1 gives a series of observations extending from Novem- 
ber 1 to November 14, 1917 taken at 3 p.m. The observations 
were taken every 1,000 meters between the wave lengths of 
3,000 and 10,000 meters, and every 2,000 meters from 14,000 
to 28,000 meters. These curves are typical of the variation in 
the disturbances with wave length during most of the year. 
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The forenoon observations are similar in form, tho somewhat 
lower in average audibility than during the afternoon, especially 
in summer. It is seen that, in general, there is a rapid, tho 
irregular rise in intensity with wave length and that occasionally, 
tho rarely, a maximum is found with a subsequent decline in 
intensity. In some cases, the rise extends only to a definite 
wave length, beyond which the intensity remains constant over 
a considerable range. 

Figure 2 shows observations taken at 10 a.m. between Decem- 
ber І and December 18, 1917, and covers the wave lengths between | 
3,000 and 16,000 meters, which is the range ordinarily employed 
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in present-day long distance transmission. Figure 3, covering 
the period from August 16 to September 5, 1917, shows a time 
of unusually heavy afternoon summer disturbances. Disturb- 
ances of this character have hardly occurred at all during the 
summer of 1918 and 1919. The figure shows a much more rapid 
rise in intensity with wave length than is shown in Figures 1 and 
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2, the intensity inerea-1ng often two or three times in an increase 
in wave length of 1.000 meters. The curve- practically all run 
out nearly flat within the limits of the observations, after their 


initial rise. 
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Figure 4 shows the forenoon observations covering the same 
period as Figure 3. The curves are quite distinct in character 


from the corresponding afternoon curves. 
Figure 5 represents the static during the last half of August 
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ın 1919. The curves are evidently entirely different from those 
of the same period in 1917 (Figure 3) and correspond more nearly 
to the curves of Figures 1 and 2. 


mium ص ڪڪ‎ к ЕЕ 
S600 


Avoreurry or АтмоврнЕтс ÜDisrungANCES 
From Ave. 15 то Ave. 30 


1919 
SPM. 


і 


AUDIBILITY 


gp ت“‎ ap WAVE. LENGTH IN KM. 
i 4 з 6 7 8 8 О 1 12 15 14 5 16 


тола = 
FIGURE 5 
33 


AUDIBILITY OF ATMOSPHERIC DISTURBANCES. 
Every Hour 
4000. Ғев 27AND28, 1918. A 


3000 | 

> 
— 
E 

гооо. t zs 
c 
2 
« 
1000. 

SN n 
O ‚ i { Ss eee d 
—234567690Nn 21234567 
AM PM AM. 
Time 


FIGURE 6 


Sets of observations at the various wave lengths have been 
taken every hour for a period of 24 hours once a month during 
the last two vears. Figure 6 shows the curves of a typical 24- 
hour test. Jt is seen that in. general the maxima and minima 
of the different wave lengths correspond closely, altho there are 
many irregularities which шау or may not have significance. 

There are always well marked minima at about half-past-one 
in the morning and at about daylight, and in addition there are 
always two or three other prominent minima present which shift 
position somewhat from dav to dav. There is little difference 
between winter and summer in the general appearance of the 
curves of daily variation, 

1. Statie Inereases rapidly with the wave length being on an 
average about twenty times as strong at 17,000 meters as at 3,000 
meters. This Increase is generally roughly proportional to the 
wave length. 

2. There is at times especially during periods of unusually 
heavy afternoon summer statie, a sudden increase at moderate 
wave lengths after which the intensity seems to remain nearly 
constant, so that the curve resembles a strongly damped reson- 
ance curve, 

3. The strength of summer statie varies greatly from vear 
to vear, the average during August, 1917 being about three times 
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as strong as that observed in the same month in 1918 and 1919. 
August, 1917 was also a month of exceptionally strong European 
signals. 
U. S. Naval Radio Research Laboratory, 
September, 1919. 


SUMMARY: The apparent wave length of atmospheric disturbances at 
different times of the day and year is studied, and the results obtained are 
shown graphically and by description. 
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DISCUSSION 


Greenleaf W. Pickard: Dr. Austin’s paper is unquestion- 
ably a most valuable contribution to our knowledge of static 
disturbances. Altho in the past it has been generally recognized 
that static increased with the wave length setting of receivers. 
this paper has brought out two striking facts: first, that up to a 
certain wave length the increase in static intensity is nearly 
directly proportional to the wave length, and second, that after 
this critical wave length is passed, there is no further increase or 
even change in intensity. 

But I do not find myself in agreement with the static theory 
briefly expressed in this paper. Instead of regarding static dis- 
turbances as a summation effect of many oscillatory discharges 
of different frequencies, I believe that the observed facts are 
better and more simply explained on the basis of aperiodic dis- 
charges. It is, of course, elementary that any imaginable wave 
form may be resolved by Fourier's theorem into a sine cosine 
series, and therefore might be built from a large number of 
suitably chosen undamped ог feebly damped wave-trains. 
Actually, the various complex pulses known to us seldom or 
never have this genesis, and their resolution into a more or less 
infinite series of oscillation trains is merely a convenient mathe- 
matical analysis. 

One of the simplest and best known aperiodic pulses is that 
used by the discharge of a condenser through a circuit having 
a fixed оће resistance equal to or greater than 2A/ L/C. In 
Figure 1 is shown a series of "resonance" curves for such pulses, 
when received on a feebly damped circuit corresponding to the 
ordinary receiving cireuit.. The full-line curve represents the 
usual 7 readings in the wave-meter circuit, when acted upon 
by a condenser discharge in a neighboring circuit having twice 
the critical resistance. The broken line curve is that due to 
a just eritieally damped or non-oscillatery circuit, while the 
dot-and-dash and dotted line curves are due. respectively, to 
discharges in eireuits having 0.5 and 0.25 the critical resistance, 
and hence oscillatory, 

Dr. Austin emploved an oscillating audion for his static 
measurements, and as he has pointed out! this detector re- 
sponds in proportion to the first power of the received current. 
In Figure 2 is shown a plot of the first two curves of Figure 1, 
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but with ordinates of current instead of current-squared. Their 
resemblance to the curves shown in the paper is striking. 

It is altogether likely that if Dr. Austin. had carried his 
measurements up to a wave length of 25.000 or 30.000 meters, 
he would have observed a decrease in the intensity of static. 
I have made a few comparative measurements of static intensity 
on these longer wave lengths, whieh show a clearly marked 
falling off in intensity above 25,000 meters. 

I have found that the statie measured by Dr. Austin on 
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August 27, 1917, may be well duplicated in the laboratory by 
a condenser discharge in a circuit tuned to about 16,000 meters, 
with sufficient ohmic resistance to give critical damping. This 
would indicate that the aperiodic “oscillator” responsible for 
the disturbance had a length of some eight or ten kilometers. 


Frederick K. Vreeland: I have read with great interest 
Dr. Austin’s paper, which furnishes an interesting confirma- 
tion of some of the conclusions regarding the nature of atmos- 
pheric strays derived by different means, and throws some illum- 
inating side-lights on the subject. 

Dr. Austin has said that the effect of strays on a receiving 
circuit tuned to variable frequency is analogous to that which 
would be produced by a continuous spectrum of waves of differ- 
ent frequencies. This is precisely the effect that is produced 
by an aperiodic transitory impulse, as has been well established 
by the analytical study of transients, and has been neatly illus- 
trated, for certain special cases, by the experiments with arti- 
ficial pulses described by Mr. Pickard. 

Furthermore, the distribution of amplitudes among the wave 
lengths in this apparently continuous spectrum depends upon 
the decrement or rate of decay of the pulse. Thus, if we allow 
a given pulse to excite shock oscillations in a tuned circuit of 
small decrement, the energy of the oscillations increases with 
increasing wave length at a rate depending on the rate of decay 
of the pulse, and finally reaches a limiting value beyond which 
the change of energy is small. 

Putting the matter rather crudely for the sake of simplicity, let 
us assume that the exciting pulse is relatively sluggish, that is, that 
its rate of decay is so slow that it persists over a period of several 
complete oscillations of the resonant circuit. It will be seen at 
a glance that the effect of the initial impulse in starting the first 
half wave of the oscillation will be partially neutralized by the 
smaller effect on the second half wave, the direction of which 
is reversed while the direction of the exciting pulse is unchanged. 
The oscillation will again be augmented in smaller degree during 
the period of the third half wave, and again diminished during 
the fourth, and so on until the exciting pulse has expended itself. 
It is thus evident that the effective value of a slowly decaying 
pulse is confined mainly to the initial impulse, the energy of the 
remainder of the pulse being ineffective. 

If now, keeping the form of the exciting pulse unchanged, 
we Increase the natural period of the oscillating circuit, it can be 
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readily seen that the effect of the pulse in exciting shock oscilla- 
tions will increase at an increasing rate with increasing wave 
length of the circuit, until a point is reached where the period 
of a half oscillation is sufficiently great to include practically the 
whole duration of the exciting pulse. The entire energy of the 
pulse is thus effective in exciting the shock oscillation, and the 
change in energy of this oscillation with a further increase in the 
wave length will be relatively small. 

This is precisely what is shown in a general way by Dr. 
Austin’s curves, showing the effects of atmospheric strays, and 
confirmed for special cases by Mr. Pickard’s experiments with 
artificial pulses of known form. The curves show a rise at an 
increasing gradient up to a certain wave length, at which they 
suddenly flatten down and continue without further material 
increase. It thus appears that the results derived from theoreti- 
cal study, considering the effect of a decaying aperiodic pulse, 
are borne out in a general way by the tests, within the limita- 
tions of the experiments. Dr. Austin’s results are thus in accord 
with the conclusion, reached by other means, that atmospheric 
strays are largely of this character, as I have stated in former 
discussions. 

A very interesting feature of Dr. Austin’s curves, to my mind, 
is the manner in which the form of the curve varies under differ- 
ent conditions and at different times. It appears in a general 
way that the more intense strays produce a more rapidly rising 
curve, which reaches its flat portion at a smaller wave length. 
The height of this flat portion, however, is not fixed, but varies 
from time to time. One would naturally conclude from this 
that the most intense strays are as a rule the most abrupt, that 
is, their decrement is greatest, but that the relation between 
intensity and decrement varies from time to time. Thus, the 
curves for winter strays show a relatively gradual and continuous 
increase with increasing wave length, without reaching a maxi- 
mum. The curves for the most violent summer strays, on the 
contrary, rise very rapidly and reach their critical value at a 
relatively short wave length, showing that these strays are very 
transitory, that is, they have a large decrement. 

It would not be safe, however, to jump at any generalization 
regarding the relation between stray intensity and the form of 
the pulse. Anyone who has done serious work with strays knows 
better. On the contrary, Dr. Austin’s curves, while indicating 
a rough general relation, also indicate certain notable exceptions. | 
For example, some of the curves rise rapidly to the flat portion, 
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continue horizontally over a considerable range of wave lengths, 
and then rise again abruptly at the longest wave lengths. In 
other curves this flat portion appears only as a relatively small 
jog in the curve. These discrepancies Would seem to indicate 
that while the bulk of the strays observed are of short duration, 
there are some very powerful ones, the decrement of which is 
low, and which therefore affect the circuit chiefly at the longest 
wave lengths. 

Here again we should guard against jumping at conclusions, 
for it is evident that an intense pulse may owe its intensity either 
to the intrinsic magnitude of the stray or to the proximity of its 
source. Thus, in some cases a very powerful stray may be of 
the same essential nature as other strays, which are usually weak, 
because their source 18 more distant. 

Finally, we should bear clearly in mind the fact that Dr. 
Austin's observations do not relate to strays in general, but 
are limited to the most powerful strays occurring at any 
given time, in other words, those strays that are so exceptional 
that they occur only three times per second. It would be un- 
safe, therefore, to draw any conclusions regarding the great bulk 
of strays which produce the major part of the disturbance. 

May we not venture to hope that Dr. Austin will continue 
and extend these very illuminating researches to include not only 
the exceptional strays, but all the strays which make up the 
complex effect? Such a statistical study, for which Dr. Austin 
has shown himself so admirably qualified, would doubtless 
throw much light on the subject, and would probably show curves 
of quite different form when the less intense and more frequent 
pulses are considered. 
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THE REDUCTION OF ATMOSPHERIC DISTURBANCES 
IN RADIO RECEPTION* 


By 
Loris W. Austin’ 


(HEAD OF THE UNITED STATES NAVAL RADIO RESEARCH LABORATORY AT 
THE BUREAU OF STANDARDS, WASHINGTON, D. C.) 


When the United States entered the war, it became highly 
desirable to establish radio communication with France sufti- 
ciently perfect to render the two countries independent of the 
cables, since these were at all times subject to danger of destruc- 
tion by the enemy. For this reason great efforts were made by 
the Navy Department to improve apparatus and methods used 
in long distance radio work, and special efforts were directed 
toward the production of devices and circuits for the suppression 
of atmospheric disturbances, commonly known as static or strays, 
which it is well known form one of the chief obstacles to perfect 
radio reception. These disturbances are generally the strongest 
during the summer months in our latitude, and usually increase 
to a maximum in the late afternoon, that is, they are at their 
worst at a time of the year and time of day when the European 
signals are weakest at most of our receiving stations. Without 
attempting to discuss at length the origin of these disturbances, 
it may be mentioned that there are at least four types, all of 
which may arise from distinct causes. The most common type 
produces а rattling or grinding noise in the telephones. A second 
type, associated with snow or rain, gives a hissing noise. The 
third, due to lightning flashes, gives a sharp snap, while a fourth 
produces a noise somewhat like the first tvpe but more crashing 
in character. This last seems in summer to be associated with 
thunder storm conditions, but it is also common, tho not usually 
as strong, in autumn and winter. 

The early attempts to improve the signal statie ratio! lay 

*Received by the Editor, October 30, 1919. Presented before Tur IN- 
STITUTE OF RADIO ENGINEERS, New York, April 7, 1920. 

! According to Commander A. H. Taylor, a readable signal is generally 
obtained if the audibility of the static is not greater than four times that of the 
signal; that is to say, if the signal-static ratio is better than 25 percent. From 


our experience this is generally true, but it is evident that this must depend 
on the continuity of the static. Sometimes a ratio of 50 percent is hardly 
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largely in the direction of improvements in the secondary ге- 
ceiving circuit such as limiting the response of the detector to 
strong disturbances, using tuned and sometimes balanced audio 
frequency circuits, circuits in which an oscillating and non- 
oscillating audion were balanced against each other and their 
audio frequencies united in the telephones thru a differential 
telephone transformer, and many other unsuccessful devices 
in which numerous modifications of the secondary circuit were 
tried.? 

Аз far as our knowledge now goes, the most successful method 
of static reduction employing the ordinary antenna alone, makes 
use of an exceedingly stiff primary circuit combined with a 
very stiff tuned audio frequency telephone circuit, us ng also 
sometimes а tuned audio amplifier. А good form of antenna 
circuit is shown in Figure 1. 


FIGURE 1 


The closed loop or coil antennas and the underground and 
underwater antennas, which were considered very promising 
static reducers at one time, have not in their simple forms been 


readable while at other times 18 to 20 percent can be read. In these estimates 
it is assumed that the static audibility is the reading of the audibility meter 
at which the static can be heard three times in ten seconds. 
*It must not be forgotten that the oscillating audion in comparison with 
the older types of detectors is itself the best static reducer known. (See 
antitative Experiments with the Audion,” ‘Washington Academy Jour- 
nal," IV, page 84, 1916.) 


42 


found of much value at Washington in improving the ratio of 
signal to static. In oscillating audion reception of continuous 
waves, if the ratio signal over static is taken as unity for a good 
receiving antenna of the ordinary type, the ratio for a loop will 
be about two, while a good underground antenna in moist earth 
or fresh water will generally give a ratio of from two to three in 
the case of ordinary disturbances, but it should be noted that the 
buried antenna is entirely protected from true static induction, 
which, in the case of thunder clouds directly or nearly overhead, 
may produce severe disturbances in the telephones. 

By the spring of 1918, four circuits had been developed, three 
in the Navy Department and one outside, which showed a sub- 
stantial improvement in reception thru the atmospheric dis- 
turbances. In order to obtain information in regard to their 
relative merits, comparative reading tests were carried on during 
that summer on signals from some of the high power European 
stations. The receiving stations were: 


The Marconi Experimental Station at Lakewood, New Jersey 
(Weagant system) 
The Marconi Station Under Naval Charge at Belmar, New Jersey 
(Taylor system) 

The Experimental Station of the Naval Radio Research Labora- 
tory on the Anacostia River at Washington, D. C. 
(Laboratory system) 

The Naval Station at Otter Cliffs, Maine 
(Otter Cliffs system) 


The first three stations could be quite fairly compared since 
they all lie in a region where the conditions of reception are 
similar, altho conditions at Washington are slightly less favor- 
able than at the other two. The comparison of Otter Cliffs with 
the other stations is of less value in respect to the excellence of 
the systems employed, on account of the differences in distance 
and climate in the two regions. 


LAKEWOOD 


The receiving station at Lakewood, New Jersey, employed a 
system developed by Mr. Weagant? (see Figure 2). The antenna 
consisted of two single-turn loops supported on telegraph poles 
extending for a distance of three miles (5 km.) each way from 
_ the receiving station. The loops lay in the direction of propaga- 
tion of the incoming waves from the European stations, and had 

3PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, volume 7, page 
207, 1919. 
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a height of about 18 feet (5.5 m.) between wires at their outer 
ends, which decreased to 3 feet (0.92 m.) at the station. They 
were tuned by means of variable capacities and inductances, a 
part of the latter being inserted in the line at a distance from the 
station. The loops ended in the station in the two primaries of 
a large Bellini-Tosi goniometer and acted in opposition on the 
goniometer secondary. This last formed a part of an intermedi- 


LAKEWOOD 


ate circuit which was in turn coupled to the usual secondary re- 
celving circuit. Tho the loops were connected in opposition, the 
difference in phase due to their length resulted in a marked 
strengthening of the signal. At the same time the static was 
greatly reduced. According to Mr. Weagant, this reduction in 
static was due to the fact that static comes from above and thus 
acts in an equal and opposite sense on the two loops. This ex- 
planation seems very improbable, since if it were true, any an- 
tenna consisting of a vertical wire would be free from static. 


BELMAR 


At Belmar the resistance balance system of Commander А. Н. 
Taylor‘ was employed. The most recent type of circuit is shown 
in Figure 3. For the Nauen reception, the loop antenna L had 
16 turns and was 75 feet (22.9 m.) long and 45 feet (13.7 m.) 
high. W was a well-insulated water wire about 1,500 feet 
(458 m.) long lying just below the surface in salt water. The 
signal in the water wire was exceedingly weak compared with that 
in the loop. The variable resistance R’ served to increase the 
natural difference in signal static ratio of the loop and water wire, 
while R was a resistance with sliding contact used to obtain a 


‘PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, volume 7, page 
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balance between the static of the loop and that of the water wire. 
By this arrangement the signal static ratio of the combined 
system was rendered much better than that of the loop or wire 
alone. On account of the resistances employed, the signals were 
generally very weak so that considerable amplification was 
necessary. Five similar systems of loops and water wires were 
used for receiving various stations. 


FIGURE 3 


THE RADIO LABORATORY’S RIVER STATION 


This station is situated on the Anacostia Flats a little below 
the Washington Navy Yard. The circuits are shown in Figures 
4 to 8. The loop used during most of the summer of 1918 was 
90 feet (28 m.) long and 30 feet (9.2 m.) high with 8 turns. This 
was later replaced by a higher and shorter loop in which the 
number of turns could be varied by switches. The well-insulated 
water wire 1,000 to 2,000 feet (305 to 610 m.) long lay in the 
brackish Anacostia River not far from the bank, while the sur- 
face wire lay along the top of the retaining wall. The condensers 
Ci, Ce, Cs, and C, (Figure 4) acted as coupling condensers con- 
trolling the energy flow from the loop and from the two wires. 
The antenna tuning was practically all done with the condenser 
C. In this circuit it was intended to take advantage of the dif- 
ference in signal-static ratio of the water and surface wires dis- 
covered in the work at Piney Point in 1917, and also of the 
difference in this ratio on the loop and water wire. A consider- 
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able improvement in the action of the circuit was brought about 
by shunting a 30 millihenry inductance across the condensers 
С, and C; between the loop and water wire. The theory of 
this circuit in regard to the reduction of static is not yet fully 
understood. While it may depend in part on the difference in 


SURFACE WIRE 
(000 FEET 


FIGURE 4 


statie-signal ratio in the surface and water wires, the main effect 
is apparently due to the combination of the loop with a water or 
ground wire, as very good results are obtained with the surface 
wire removed (see Figure 5), and almost as good results with the 
water wire replaced by the surface wire. The circuit is extremely 
unidirectional, being much stronger for signals coming from the 
direction of the extended wire than from the opposite direction. 
(Note: The experiments indicate that a great improvement may 
be expected in all loop reception by attaching a wire lying on the 
ground to the loop, in the manner indicated. For waves less 
than one thousand meters in length, this wire would need to have 
а length of only one hundred or two hundred feet (30.5 to 61 m.).) 
This unidirectional character of the circuit is probably an im- 
portant factor in the reduction of static in European reception, 
as experience has shown that in this part of the country at least 


This was introduced about September 1, 1918, and accounts in part for 
the improved work after that date. (See Table 1). 
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a large part of the first type of static (the most frequent kind) 
comes from the southwest, a direction almost exactly opposite 
to that of the European stations. Tt is also observed in confirma- 
tion of this idea, that using a water wire extending to the south- 


RADIO LABORATORY 


FIGURE 6 
47 


west for reception from that direction, the static reduction is 
less satisfactory than in the European reception. 

Since the completion of the 1918 tests, a number of modifica- 
tions and simplifications have been made in the laboratory cir- 
cuits, Figures 6 to 8, which are for the most part due to Mr. 


RADIO LABORATORY 


FIGURE 7 


Clausing, of this laboratory. The circuits appear to be quite as 
efficient as the original form. They all represent various appli- 
cations of condenser control to the balancing of loops and ground 
or water wires. 

OTTER CLIFFS 


The circuit shown in Figure 9 has been used at Otter 
Cliffs since the middle of the summer of 1918. It con- 
sisted essentially of an ordinary tuned loop of 3 turns, 125 
feet (38 m.) long and 25 feet (7.6 m.) high with 20-inch 
(51-cm.) spacing, interwound with an open end untuned loop 
of 3 turns connected to ground thru an inductance of 30 milli- 
henrys and a variable resistance of from 5,000 to 60,000 ohms. 
The closed loop was coupled both to the open loop and to the 
secondary circuit, and the reduction in static was accomplished 
by the adjustments of the two couplings and the variation in the 
grounding resistance. "The interwinding of the loops produced 
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a close condenser coupling between them in addition to a dis- 
tributed inductive coupling. The circuits formed a combina- 
tion which was evidently highly unidirectional, and probably 
there was also some differential action due to differences in de- 
crement on the signal and statie as in the loops and water wires 
at Belmar and Washington. 


FIGURE 8 


The situation of Otter Cliffs near Bar Harbor was much 
more favorable for European reception than that of the other 
stations described. To begin with, the distance from the sending 
stations was less by more than 500 miles (800 kin.) and this alone, 
according to the Navy Transmission Formula, insures about 
double the strength of signal. In addition, the climatie condi- 
tions are such that the signals are less variable than in the more 
southern regions of the country and the atmospheric disturbances 
are probably in general less severe. 
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OTTER CLIFFS 


FIGuRE 9 


COMPARATIVE READING TESTS 


During the last half of August and the whole of September, 
1918, reading tests were carried on between the four stations 
mainly on the regular traffic from Nauen and Carnarvon. Bel- 
mar and Otter Cliffs, with their five receiving loops, were able 
to read simultancously at any time during the twenty-four hours 
and took complete copy. Lakewood kept a twenty-four hour 
watch, switching from one station to another at intervals. The 
laboratory station. was kept on this work during the afternoon, 
which was the most difficult time on account of the fading of the 
signals and the strength of the statie, сору being taken from each 
of the two sending stations at frequent intervals. Carnarvon, 
being weaker, was more difficult to receive than Nauen, and 
therefore gave a more severe test of the statie reducing qualities 
of the different reeciving systems. On account of these different 
methods of carrying out the test at the different stations, it was 
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somewhat difficult to arrange a plan for numerical comparison. 
As the afternoon was the most difficult receiving time and the 
only time during which all the stations received, it was finally : 
decided to assume arbitrarily that reception during all hours 
from six at night to twelve o’clock noon would have been perfect. 
Then from the data® forwarded to this laboratory, calculations 
were made of the number of hours between twelve noon and six 
P.M., during which each station could have probably been 
received. Adding this to the eighteen hours of assumed perfect 
reception and dividing by twenty-four, we get the percentage 
of reception for the day. Table I gives the reception percentages 
for the four receiving stations for the August and September 
tests. 


TABLE 1 


AVERAGE PERCENTAGE OF RECEPTION 


August 15-31 


Receiving Station Nauen Sending | Carnarvon Sending 
Otter Cliffs 100 percent 98 percent 
Lakewood 99 “ 

Laboratory Station 
Belmar 


September 1-30 


Otter Cliffs 100 percent 100 percent 
Lakewood 100 “ og “ 
Laboratory Station 100 
Belmar 91 


The improvement in the work of the laboratory station in 
September is in part due to changes in the circuit and in part to 
the general improvement in receiving conditions. It is believed 
that Table 1 gives a fair estimate of the static reducing qualities 
of the circuits used at Lakewood, Belmar, and the Laboratory 
Station. Аз has been explained, the good work of Otter Cliffs 


ЕСТІ reports on Otter Cliffs reception were sent directly to the laboratory. 
The rating given is based on statements of the officers who examined the copy 
sent in by Lakewood and Otter Cliffs. 
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is largely due to its situation; and it is not to be assumed that the 
circuit used there, tho an excellent static reducer, is really 
superior to the other circuits. 

In estimating the value of the work on static reduction, it 
should be understood that with an ordinary antenna or even with 
a simple loop or underground or underwater antenna there are 
in most years, few if any days between June 15 and September 15 
when a station like Nauen, to say nothing of weaker stations 
like Carnarvon, could be read at Washington thruout the twenty- 
four hours. Six or seven hours per day would probably be fair 
reception average for this time and even during the most favorable 
parts of the year there are many periods when reception is found 
impossible with the older methods. 


OTHER TESTS OF THE CIRCUITS 


Besides the comparative reading tests much work has been 
done at the Laboratory (River Station) in the endeavor to de- 
termine the actual amount of improvement produced by the 
various circuits. On account of the lack of space no attempt was 
made to set up a Weagant circuit. 

The Taylor circuit has been extensively tested but has never 
given results comparable to those at Belmar probably because the 
proper decrement relation between the loop and water wire 18 
only obtained in the water of high conductivity. (The water 
at Belmar is salt while that at the River Station is only moder- 
ately brackish.) 

The Otter Cliffs circuit works well at the River Station but 
gives generally only about half the improvement in signal-static 
ratio produced by the Laboratory circuit. It has the great ad- 
vantage however that it can be installed anywhere where a 
simple loop can be erected. 

Table 2 shows some examples of improvement in signal-static 
ratio obtained with the Laboratory circuits under various static 
conditions. In the observations shown it appears that the im- 
provement is greater the worse the original ratio. This is in 
part due to the tendency of the strong static to cover the signal 
and reduce its observed audibility. An extreme case of this is 
seen in the 3:00 Р. М. observation of July 7th where the signal 
on the simple loop, tho evidently of some strength, is entirely 
inaudible thru the static. On the Laboratory circuit it was 
entirely readable. In other cases where the static is probably 
part of the fourth type, as on July 22nd, the improvement is 
slight. 


Figure 10 reproduces a section of photographic recorder tape 
taken at Otter Cliffs in receiving from Lyons. It shows the 
effect on the readability of connecting and disconnecting the 
static reducing circuit. 


FIGURE 10 


TABLE 2 


EXAMPLES OF STATIC REDUCTION AT LABORATORY RIVER 
STATION 


July 7, 1919 
Lyons Sending 


Signal Static 
Audibility | Audibility 


Simple Loop 


Laboratory 0.24 
Circuit (Rosalie) S Pea 


Simple Loop 


Laboratory 
Circuit (Readable) 


July 11, 1919 
San Diego Sending 


Simple Loop 2,200 0.136 n A. M. 


Laboratory 0.236 — | 
Circuit 25 Readable; ON 


Simple Loop 0.117 |11:40А. М. 


Laboratory 
Circuit (Readable) 


Nauen Sending 


Simple Loop 0.189 12:45 P. M. 


Laboratory 
Circuit (Readable ое 
Simple Loop 
Laboratory 

Circuit (Readable) 


July 22, 1919 
Nauen Sending 


Simple Loop 800 0.27 — [11:00 A. M. 


Laboratory 
Circuit 


While the Weagant and Laboratory circuits showed the best 
records in the 1918 test, the Weagant adjustments were, according 
to last accounts, extremely difficult to make and the space re- 
quired for the long loops (6 miles of 9.6 km.) was something of an 
objection. The Taylor and Laboratory circuits, tho very much 
smaller, require from 1,000 to 2,000 feet (305 to 610 m.), which 
precludes installation on shipboard and at some land stations. 
The Otter Cliffs circuit, on account of its compactness and sim- 
plieity, tho not the most efficient, has the widest application of 
the four. 

The theoretical explanations of the static reducing qualities 
of the circuits are exceedingly incomplete. All the Navy circuits 
are very unidirectional and this undoubtedly explains some of 
their suecess in European reception, since in this part of the world, 
most of the first type of static (the most troublesome in summer) 
comes from the southwest. The balancing of the two directive 
systems of different decrements may also play a part and it is 
quite possible that we are also making use of factors not as yet 
recognized. At any rate the similarity of behavior toward the 
different types of static (easily eliminating the first type and hav- 
ing difficulty with the fourth) indicates that some of the impor- 
tant factors are common. 


In conclusion, we may say of the four types of static enumer- 
ated at the beginning of this article: the first type, which is by 
far the most troublesome and common especially in summer, 
is found to be almost entirely eliminated by the new circuits. 
The second and third types in general cause little trouble. The 
fourth type, which causes most of the difficulty in reception now 
remaining, is reduced to a certain extent by all the systems, the 
Otter Cliffs cireuit being perhaps the best of the Navy circuits 
in this regard. Mr. Weagant has recently reported in the paper 
already cited that he has obtained considerable success in its 
elimination. 

The reduction in static described has naturally resulted in 
a marked improvement in European reception. Receiving at 
Washington with a simple loop or water wire, a high power 
transmitting station in Western Europe with an antenna current 
of approximately 300 amperes is unreadable for about 2,000 
hours during the year. With any of the four static reducing 
systems, however, this time of unreadability can be reduced to 
less than 100 hours, or less than five percent of the time formerly 
lost.* i 


SUMMARY: The atmospheric disturbances of radio reception on the At- 
lantic Coast of the United States are classified as to type, effect, and probable 
origin. The static reducing systems of the Marconi Company (Weagant 
system), and of the Navy (Austin, Taylor, and Otter Cliffs systems) are de- 
scribed; and relative performance data of these are given. The improvement 
in reliability of reception to be obtained by the use of these systems is consid- 
ered. 


* Thru an error, the discussion on the above paper has already appeared 
in the October, 1920, issue of the PROCEEDINGS, volume 8, number 5, beginning 
page 398. The readers of this paper are accordingly referred to the above 
citation. 
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THE MAGNETIC BEHAVIOR OF IRON IN ALTERNAT- 
ING FIELDS OF FREQUENCIES BETWEEN 100,000 AND 
1,500,000 CYCLES* 


Bv 
Leon T. WILSON 


(RESEARCH ENGINEER, AMERICAN RADIO AND RESEARCH CORPORATION, 
MEDFORD HILLSIDE, MASSACHUSETTS) 


PREFACE 


This paper describes measurements of magnetization and 
core loss in iron, made by the author while a Lieutenant at the 
Signal Corps Radio Laboratories, Camp Alfred Vail, New Jersey. 

The purpose of the work was a determination of the value 
of a sample of 0.002-inch (0.05 mm.) mild steel ribbon for use 
in transformers for radio frequencies. 

The method employed in this investigation is not original. 
It has been described by Alexanderson in his paper on the 
"Magnetic Properties of Iron at Frequencies up to 200,000 
Cycles.” ! However it is the belief of the author that the data 
obtained at the higher frequencies is new and also that the 
radio frequency voltmeter, as developed and described in this 
paper, is new and original. 

The author wishes to express his thanks to the Officers of the 
Signal Corps Laboratories who so kindly secured permission 
for the release of the Signal Corps data and photographs for 
use in this paper. Especial thanks are due Lieutenant Donald 
G. Little for his generous and valuable assistance in the calcula- 
tions. The enlisted men who built and arranged the apparatus 
assisted greatly by their thoroness and by their interest in the 
investigation. 

The author desires to thank especially Professor L. P. 
Wheeler of the Physics Department, Yale University, for his 
eriticism of this paper and suggestions for its improvement, and 
Professor C. F. Scott and Professor H. V. Bozell of the Electrical 
Engineering Department, Yale University, for their aid in the 
preparation thereof. 


* Received by the Editor, December 15, 1919. 
1“Proceedings American Institute of Electrical Engineers," November, 


1911. 
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INTRODUCTION 
The measurements herein described are of two kinds: 


Measurements of Magnetization. 
Measurements of Core Loss. 


METHOD AND THEORY 


(а) MEASUREMENTS OF MAGNETIZATION.—These measure- 
ments consisted in observing simultaneously the current thru 
and the voltage across a toroidal winding containing the iron 
under test, at various frequencies and flux densities. These 
readings furnish data from which both H,,, and Ba, may be 
calculated. 

H мау iS given by the well-known relation 


where ы is the effective ampere-turns per centimeter length 


l 


of the magnetic circuit. 


Braz is given by the relation B, — Ей э, @ 


where E is the effective value of the voltage induced in the wind- 
ing by the changing flux in the iron, f is the frequency in cycles 
per second, n is the number of turns on the sample, and A is the 
cross-section area of the magnetic path in square centimeters. 

It should be noted that the foregoing equations assume 
respectively a sine wave of current and a sine wave of emf. or 
flux. In the calculations this condition of simultaneous sine 
waves of current and flux has been assumed, altho the assump- 
tion is an approximation because of magnetic hysteresis. 


(b) MEASUREMENTS OF СовЕ Loss.—The core loss was 
measured by means of a voltmeter and an ammeter. Since 
for power measurements these instruments require the current 
and voltage to be in phase, a method which would satisfy this 
requirement had to be employed. The principle of the method 
is as follows: 

A variable condenser and a variable inductance are added 
in series with the test sample. The voltmeter is connected 
across the combination. The inductance coil is set at its mini- 
mum value and the condenser is varied until the voltmeter 
reads a minimum for a given current in the circuit. The cur- 
rent and voltage are now in phase and their product es the 
power consumed by the group. 


Db Ате 


To find the power consumed in the test sample alone, another 
reading 18 necessary. The test sample is either removed or short- 
circuited. This time the inductance coil is varied for minimum 
voltage across the combination. The product of the voltage 
so obtained and the current gives the power consumed by the 
auxiliary apparatus. The difference between the two measure- 
ments is the power expended in the test sample. 


DESCRIPTION OF APPARATUS 


ARRANGEMENT—The complete arrangement of apparatus is 
shown in Figure 1. The corresponding diagram of connections 


Test Circuit 


FIGURE 1 


is given in Figure 2. The same nomenclature is used on both 
the photograph and the drawing.’ 

SOURCE OF PowER—The vacuum tube oscillator (1) shown 
at the extreme left in Figure 1 served as the radio frequency 
source of power. It consisted of 8 tubes arranged in pairs. A 
diagram of connections for one pair only is given. 

The oscillator tubes used in this investigation were small 
ones designed for about 3 watts output. However as much as 
7 watts per tube was developed in the test sample. 

THE Test Circuit’—The arrangement of this circuit is 
shown in Figure 2. It will be noted that this circuit is entirely 
separate and distinct from the oscillator. This arrangement 
was made to secure greater flexibility and to provide a means for 
obtaining a coupling best suited for the effic ent operation of 
the oscillator. 


3 Details of the oscillator are recorded in the Appendix. 
3 Details of this circuit are recorded in the Appendix. 
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Energy was supplied to the test circuit thru the air-core 
transformer as shown. To reduce the losses to a minimum the 
transformer was wound with litzendraht wire. 


Vash Circo! 


Range of Oavillahe 

Гос 000 fo 1500 000 Cycles per second. fer 
Messunng the Characterishics of Iron 

o 


Circo. ? 


Radio Frequenc 266 


FIGURE 2 


From Figure 2 it will be seen that the test circuit is con- 
siderably spread out. This was done to reduce the capacity 
of the sides of the circuit for one another, thereby securing a 
more nearly uniform current thruout the entire circuit. How- 
ever, to insure measuring the current actually flowing thru the 
test sample an additional precaution was taken in placing the 
ammeter directly alongside of the sample. 

The spreading out of the test circuit further served to prevent 
large electromotive forces from being induced in this circuit 
by stray fields from the oscillator and also to reduce the mutual 
inductance between parts of the test circuit. 

THE TEST SAMPLE— The core of the test sample consisted of 
20 doughnut-shaped laminations. These were punched from a 
mild steel ribbon‘ (annealed and enameled). The laminations 
were insulated from one another by thin paper in addition to 
their coating of enamel. 


“An analysis of this steel is recorded in the Appendix. 
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,, Ot pend Vie e.rfent thri the sarte was measured 
»,*'}, pathy dtes ALOG duet We PFET, These meters were 
[rnnt eee ny eean On wih d. e. атла. Four 
na беу, of oh fe rent par усә were need in order to of "ain geod scale 
Деби for aa va. pa of eurrent. By thee precautions a 
polana a rara of Lor percent. was obtained. 

б, Мели Toe voltage across the sample жах measured 
by n иер esemiany deagned for use at radio frequencies. The 
deyeloprent of thie meter was undertaken with the purpose to 
cute: Ty а voltmeter which would be reasonably sensitive 
ne compared with audio frequency instruments and (2) one 
which could be calibrated on direct current and be used at radio 
frequencies without further calibration or correction. 

The use of n thermno-couple and galvanometer appeared to 
be an obvious way of satisfying the requirement as to sensitivity. 
Vor thie purpose the instruments chosen (from those at hand) 
were a Western еее thermo-couple (crossed wire type) and 
п Poul miero-ammeter, This combination gave full scale de- 
Nfertion with 3.5 volts across the heater of the thermo-couple, 
Which hid about 1,500 ohms resistance. The current taken by 

"Hise, A2 агат of number 38 Brown and Sharpe gauze enameled cop- 


per wire. 
[ише ег of number GM wire = 0.00397 inch = 0.0101 em. 
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the combination is seen to be very small—less than 3 milli- 
amperes for full scale deflection. 

To test the instrument for use at radio frequencies the cir- 
cuit shown in Figure 4 was employed. This circuit corresponds 
to the one in which the voltmeter was intended to be used. The 
meter was connected to measure the voltage drop across the 
resistance А B. 

It was found that the meter continued to show а reading 
when A B was short circuited. "This reading was about one- 
third full scale deflection and increased as the meter was moved 
nearer the side of the circuit marked L. 

This phenomenon was apparently due to either the action of 
electrostatic forces on the sensitive needle of the micro-ammeter 
or to & displacement current flowing from the line AB to the 
line L thru the capacity existing between the micro-ammeter and 
the line L. This capacity is represented by the dotted conden- 
ser Cı. С, is shown connected to the terminal G because that 
is the terminal to which were grounded the metal top, internal 
shields, and the metal framework of the meter. 

By further experiment without the thermo-couple but with 
the meter subjected to the same electrostatic forces asit had been 
with the thermo-couple, the action of these forces on the needle 
was found to be negligible. Therefore only the second explana- 
tion will be further considered. In this case the current is con- 
sidered to flow from L thru С, to G, to the heater, from where it 
divides and flows to A and B. This current causes the ther- 
mo-couple to function in its normal manner, thus giving a de- 
flection of the micro-ammeter. 

Based on this reasoning & shield of copper foil was built 
around the instrument. It was made in the form of a box com- 
pletely enclosing the meter, thermo-couple, and multiplier 
except for an opening in the top thru which the instrument 
might be read. This shield was electrically connected to B as 
shown in Figure 4 (b). With such an arrangement, the meter 
read the desired zero when A and B were at the same poten- 
tial. However, when A and B were not at the same poten- 
tial, two different deflections were obtained, depending on 
which way the voltmeter leads were connected to A and B. 
That is, on the reversal of its leads the meter gave an entirely 
different reading. On further experiment this difference in 
readings was found to increase with the amount of multiplier 
resistance. 

These observations may be explained by theaid of Figures4(b), 
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4(d), and 4(e). In Figures 4(d) and 4(e), Rm represents the mul- 
tiplier resistance; Ry and Re represent, respectively, the heater 
and couple resistances of the thermo-couple. Figure 4(b) as- 
sumes that the heater and couple make contact at their respective 
electrical centers. Actual measurements showed this assump- 
tion to be justified. Figure 4(d) shows the electrical equivalent 


FIGURE 3 


of the voltmeter as shown in Figure 4 (b). Figure 4 (с) shows 
the corresponding electrical equivalent when, the voltmeter 
leads are reversed. By comparing these circuits it may readily 
be seen that for a given potential difference (alternating) be- 
tween A and B, the heater current and therefore the meter read- 
ing would not be the same in each case. It may further be seen 
that when Rm equals zero, the two circuits are identical, and the 
meter may be expected to read the same on reversal. This 
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conclusion was checked experimentally. By the same reasoning, 
it is clear that the voltmeter would read the same on reversal 
if Rm were split in half and each half connected in either lead to 
the thermo-couple. Altho such an arrangement satisfies the 


Aad: е - frequency 
Oscillator 


Developement 
of 


Rodio- frequency Voltmeter 


FIGURE 4 


condition that the meter reading should not change on the re- 
versal of its leads, it is seen on further consideration that the de- 
flection for a given potential is a function of the frequency be- 
cause the impedance of C; changes with the frequency. 

To overcome this latter difficulty the micro-ammeter was 
arranged to have the same capacity to both A and B. This was 
accomplished by splitting the original shield into two equal parts 
which were connected respectively to A and B as shown in 
Figure 4(c). 

This circuit becomes a balanced a. c. bridge when C3=C, 
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and when the resistances are balanced. In practice C? was made 
equal to C4 by a symmetrical placing of the meter with respect 
to the two halves of the shield. The resistances were balanced 
Һу splitting Ra and connecting the halves as already described. 

In Figure 4 f) both the inductance and capacity between 
turns of the multiplier have been neglected. These factors must 
be small in order that the meter тау be calibrated on d. с. and 
used at radio frequencies without further calibration or correction. 

The inductance was made small by means of the bifilar 
winding. 

The capacity between turns was reduced by means of a multi- 
pancake winding. Each half of the multiplier was wound on a 
cylindrical spool about 3 inches (7.62 em.) long and 1 inch 
(2.54 em.) in diameter. Each spool had 10 slots. Each slot 
contained about 4 feet of “prima-prima” wire (diameter 0.0015 
inch) (0.0038 cm.) and resistance equal to 128 ohms per foot 
(or 420 ohms per meter). The spools were previously boiled in 
paraffin to eliminate moisture. 

Altho the multiplier was found satisfactory, it is appreciated 
that much better windings might have been used. The fore- 
going method of winding was used because it was simple and 
required little labor, as the spools were already on hand. 

'The final test of the voltmeter for accuracy was performed 
as follows: А given value of current was sent thru а small 
diameter resistance wire at 3 different frequencies and the cor- 
responding potentials across the wire were measured. The three 
frequencies were 0 or d. c.; 100,000; and 800,000 cycles. The 
resistance wire used was 4 feet (122 em.) of number 40 '"Therlo" 
having a resistance of about 120 ohms. This wire was stretched 
out straight in air to permit a comparatively high value of cur- 
rent. 'The small sized wire was used to prevent errors due to 
skin effect. 

The readings of the voltmeter on d.c. and 100,000 cycles 
were identical and the reading at 800,000 cycles was 1 percent. 
higher. At this high frequency, the ammeter was changed to 
the other end of the wire to eliminate errors due to stray dis- 
placement currents. However, the reading in this case was 
identical with the previous one. A part of this 1 percent. dis- 
crepancy at 800,000 cycles is accounted for by considering the 
inductance of the wire. From its calculated value an increase 
of voltage drop of 0.6 of 1 percent. would be expected. 

The voltmeter in its final form is shown in Figure 3. 

` * Diameter of number 40 wire = 0.00315 inch 20.0080 em. 
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PROCEDURE 


MEASUREMENT OF MaGNETIZATION— Before each set of 
observations, careful adjustments were made of both the oscil- 
lator and test circuits in order that the current thru the test 
sample might approximate a sine wave as nearly as possible. 
These adjustments of course had to be consistent with a good 
transfer of energy into the test circuit. 

The sharpness of the tuning of both the test circuit with the 
oscillator and the wave meter with the test circuit was used as 
a measure of the approximation to a sine wave of current in so 
far as that approximation is affected by the degree of coupling. 
That is, this method served to show whether or not the coupling 
between the circuits was too close, in which case the “double 
hump" would be present. 

The oscillator was first tuned to approximately the desired 
frequency. Then the test circuit was tuned by means of the 
condenser С.. The coupling between the test circuit and the 
oscillator was next adjusted for sharp tuning and good input to 
the test circuit. As the oscillator was now working under 
approximately final conditions, its grid leak and choke coils 
could now be varied for maximum output. 

All these adjustments reacted upon one another so that 
several trials by the “сиё and try" method had to be made. 

The test sample heated considerably during the measure- 
ments. To save time two samples were used: one, for the pre- 
liminary adjustments, and the one to be tested, for the final 
adjustments. The one under test was immersed in an oil bath 
but even so, readings had to be taken quickly to avoid changes 
in the characteristics of the iron due to its rise in temperature. 

The measurements of magnetization consisted in varying 
the current thru the sample by means of the plate voltage applied 
to the vacuum tubes, and observing the current thru the sample 
and the voltage across its terminals. The complete set of obser- 
vations are shown in Figure 5. 


MEASUREMENTS OF СОВЕ Loss—With some additions the 
same preliminary tuning was done in these measurements as in 
the foregoing ones. The inductance L was set at its minimum 
value, and the condenser С» was varied until the voltmeter V 
read a minimum for a given current. Changing С» of course 
detunes the test circuit which must be retuned by С,. After 
several trials by the “cut and try" method the minimum read- 
ing of V was secured with the test circuit properly tuned. 


65 


The current thru the sample was next varied as previously 
described and readings were taken of the current and voltage. 
On the completion of these observations, the sample was short 
circuited and the circuit was retuned by increasing L, to replace 
the inductance of the sample. The correct setting of L was 
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determined by the minimum reading of the voltmeter V. An- 
other set of readings was now taken at the same current values 
as used in the previous set. The complete observations are 
given graphically in Figure 6. 


DATA AND ERRORS 


The accuracy of the instruments (wavemeters, ammeters, апа 
voltmeters) has already been considered. There remains for 
further consideration the accuracy of the method itself, with 
possible corrections for certain known errors. 

The measurements are shown to be quite consistent by 
Figures 5 and 6, especially as each point on any one of the four 
curves represents a new tuning and adjustment of the circuits. 

Altho consistent results were secured over the greater part 
of the range of current values, it was difficult to get consistent 
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readings above 1.5 ampere turns per centimeter. This lack of 
consistency was not due to the method however, but was due to 
the changing characteristics of the iron itself, as caused by 
heating. Both the permeability and resistivity of the iron 
increase with the temperature which causes a corresponding 
increase in the apparent permeability. Altho Figures 5 and 6 
show consistency in the measurements, they do not show that 
the results may not be all too large or all too small; that is, they 
fail to show the presence or absence of consistent errors. 
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Among the consistent errors here considered are (1) those due 
to harmonics, (2) those due to the resistance of the winding on 
the test sample (the losses in this resistance are included in the 
losses in the test sample as measured), (3) those due to the leak- 
age reactance of the winding on the test sample (the voltage 
induced in this reactance is included in the voltage measured 
across the sample), and (4) those errors due to the current taken 
by the voltmeter. 

The following test made at one particular frequency shows 
at least for this one frequency that the second and third har- 
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monics were very small in magnitude. A wavemeter was coupled 
with the test circuit and the fundamental wave length was 
measured. From this measurement the wave lengths of the 
second and third harmonies were determined. 

The wavemeter was set accordingly to test for these two 
harmonics. No record of this test was made. but as the writer 
remembers only one of these harmonies was detected and the 
deflection of the current indicator was very slight. To get even 
this much indication the wave meter had to be coupled much 
more closely than it had been for the fundamental. No tests 
were made for higher harmonics. The foregoing test, coupled 
with the well-known fact that the harmonics generated by 
vacuum tube oscillators under average conditions are very 
small in magnitude, indicates that errors from this source may 
be neglected. 

To find the magnitude of the resistance and leakage react- 
ance of the winding of the test sample, an identical sample was 
constructed with a core of wood. The voltage across its termi- 
nals was measured at different frequencies and currents. "These 
measurements are shown in Figure 7, with the impedance of 
the sample plotted against frequency. The resistance of the 
winding is shown to be negligible since the curve of total im- 
pedance goes very nearly thru the origin which would be the 
case if the impedance consisted of reactance alone, since the 
reactance is proportional to the frequency. The resistance 
would be expected to be small because litzendraht wire was used 
in the winding on the sample. 

The reactance of the winding is not negligible, especially 
at the higher frequencies, where the iron is less effective. Here 
it produces an error of 10 to 15 percent. 

Corrections have, therefore, been made in the measurements 
of magnetization. The corrected values were used for Figure 5. 

In making these corrections the phase angle between the 
voltage induced by the flux in the iron and the voltage induced 
by the leakage flux was taken into account. 

The true leakage reactance of the test sample probably 
differs somewhat from that measured by means of the dummy 
sample. However, as the correction is but a small percentage 
of the value corrected, considerable error in the correction may 
be entirely neglected. 

It might possibly have been better to have used a test sample 
with a secondary winding and to have measured the voltage 
induced in this secondary. In this case the reactance drop 
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could be neglected since the voltmeter current is so small. How- 
ever on the basis of Alexanderson’s experience, his method was 
considered sufficiently accurate and was, therefore, used, but, from 
the writer’s experience, at the higher frequencies especially, the 
use of the secondary winding is recommended. 


60 


Impedance cn Ohms, 


50 


30 Pd impedance of Test sample 
With 
fo Care of Weed: 
20 I 
Pi 
UA 
А Frequency 
e 20 +0 60 ёо /00 120. 4*0 A 10° Cycles per Se. 
FIGURE 7 


In considering the error due to the current taken by the 
voltmeter, there are two currents to be taken into account. 
The one is that current flowing thru the heater of the thermo- 
couple, in phase with the voltage being measured. The other 
is the displacement current flowing between the halves of the 
shield around the instrument, 90 degrees out of phase with the 
voltage being measured. 

The first current causes the largest error where this current 
is the greatest percentage of the current thru the sample, which 
is the case where the voltmeter was used without a multiplier 
(no multiplier was used for potentials below 3.5 volts), and 
where the voltage being measured is the highest for a given 
current thru the sample. Therefore, the maximum error, con- 
sidering the heater current alone, occurs at the highest frequency, 
as may be seen from Figure 5, and at the lowest currents used. 
This maximum error is approximately 2.5 percent. At the 
lowest frequency the error is about 0.7 percent. Altho this 


69 


error is appreciable, since it is small and occurs only at the 
smallest currents used, it has been neglected. 

The error due to the displacement current is a maximum at 
the highest frequencies, since the impedance of the condenser 
formed by the shields is inversely proportional to the frequency; 
and at the highest currents, since the voltage across the sample 
per unit current is here the greatest. From the capacity be- 
tween the shields, which was found to be about 75 micro-micro- 
farads,’ the error calculated for the highest frequency and highest 
current (Figure 5) was found to Бе 2.7 percent. As this error, 
altho appreciable, is the maximum error and occurs only at the 
extreme limits of frequency and currents used, it has been 
neglected. Below 750,000 cycles the error is everywhere less 
than 1 percent, which is entirely negligible. 

The error due to the total voltmeter current is à maximum 
at the highest frequency and lowest current and is equal to 
about 3.5 percent. 

Since the errors due to the current thru the voltmeter are 
appreciable only at the extreme limits of the measurements, 
where the accuracy of the results as a whole is the least, these 
errors have been neglected. 

It is the belief of the writer that the accuracy of the results 
as a whole compares favorably with the accuracy that might be 
obtained at frequencies of 60 cycles. 


CONCLUSIONS 


It will be remembered that equations 1 and 2 are based on 
the assumption of simultaneous sine waves of both the current 
and flux in the sample, which assumption, of course, holds only 
over the straight part of the saturation curve. From Figure 8, 
which shows the radio frequency saturation curves, it may be 
scen that the iron was not nearly saturated, even at the highest 
values of magnetization and highest frequency. The assump- 
tion in equations 1 and 2, therefore, appears to be justified. 

From the curves shown in Figures 8 and 9 data was taken 
for the curves plotted in Figures 5, 6, and 10, which show, re- 
spectively, the variation of losses, apparent flux density, and 
permeability with frequency. 

To calculate the depth of penetration of the magnetism into 
the iron the following relation has been used by Alexanderson 
and others: 1 ра 

b= о : { (3) 

7 Measured by the Measurements Group of the Signal Corps Laboratories. 
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where lp is the depth of penetration, us is the apparent permeabil- 
ity, # is the true permeability and t is the thickness of each lami- 
In this equation the true permeability is considered to 
remain unchanged at radio frequencies and the apparent per- 
meability is considered to be less than the true permeability for 
the reason that only a part of the iron is effective. 


The effective 


thickness of iron on this basis is equal to PL The factor ; 


enters equation (3) because the magnetism penetrates both 


surfaces of the lamination. 
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again д was assumed to be 2,250. 4 was measured to be 


0.67 (10). The calculated depth of penetration is plotted 
in Figure 11. 
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This value is seen to be about triple that obtained by the 
u.c of equation (3). Alexanderson found a similar discrepancy 
in the same direction but less in magnitude, and offered as а 
possible: explanation that additional skin effect was caused by 
the slight gap between laminations in the sample used. This 
explanation. cannot be applied in the present case where each 
bunination formed a complete magnetic circuit. 

‘The present comparison of equations (3) and (4) is, of course, 
crude since the value of # was not measured and 4 was measured 
from only à single sample about 0.5 inch (1.27 em.) wide and 2 
feet (61 em.) long (in the direction of rolling). However, it is un- 
likely that errors in these two factors would account for the 
entire diserepancy, in which case there must be some other ex- 
planation, What this explanation may be the writer is not 
prepared to state. 

At the values of frequeney and current where this investiga- 
tion overlaps that of Alexanderson, a comparison of results 
shows that about 25 percent (very approximately) higher flux 
density and core loss in the present investigation. 

Assuming that the apparent permeability is inversely pro- 
portional to the thickness of laminations, an increase of flux 
density of about 40 percent would be expected, since Alexander- 
non used iron 0.0076 em. (0.003 inch) thick while the writer used 
iron 0.0054 em. (0.002 inch) thick. The results, however, are 
essentially in agreement. 

The following observations may be of interest. They were 
made during the calculation of the corrections made in the 
magnetization measurements for the leakage reactance of the 
winding on the sample. The power factor of the sample was 
involved in these calculations. The power factor was seen to 
Inerease with the ampere turns to a marked degree at the lower 
frequencies, but to à very small degree at the higher frequencies. 
Also the power factor increases with the frequency. and ap- 
proaches a value of approximately 0.7 at а million. cycles. 
It is interesting to compare this latter observation with 
Ntemimetz's statement: “The lag of the apparent perme- 
ability represents an energy component of emf. of self in- 
duehon due to the magnetne flux, whieh increases with 
Inereusing. frequeney and ultimately becomes equal to the re- 
netive component.” 

Smee the curves of the depth of penetration show that such 
п паме depth of iron is actually magnetized, the need for thin 
won I» strongly emphasized. Also smee the depth of penetra- 
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tion increases with the electrical resistivity of the iron, this 
quantity should be large. 

As itis a well-known fact that iron does not lose its permeabil- 
ity at radio frequencies and since there is a growing need for the 
use of iron at these frequencies, the problem of securing satis- 
factory iron becomes important. This problem appears to 
resolve itself into a metallurgical or chemical one: namely that 
of producing extremely thin iron of high resistivity. 

The development and testing of such iron would be a very 
interesting problem for future research. 

The development of formulas for the calculation of flux 
densities and losses at various frequencies and magnetizing 
forces and for different kinds and thicknesses of iron also offers 
a most interesting and practical field for future research. 

For such investigation the standardization of the dimensions 
of the test sample is desirable. 


SUMMARY: Mild steel ribbon, 0.002 inch (0.05 mm.) in thickness, was 
tested at various radio frequencies between 100,000 and 1,500,000 cycles per 
second for the relation between ampere turns per centimeter and flux density, 
and for core loss in watts per cubic centimeter at the various frequencies. 
A vacuum tube oscillator supplied the necessary current for magnetizing the 
ring samples of steel. The method of measurement required the development 
of a precision radio frequency voltmeter, which is described in detail. All 
the results obtained are shown in graphic form. 


APPENDIX 


THE OSCILLATOR 

(1) Filament Battery Potential, 10 volts. 

(2) Filament Rheostat Resistance, 2 ohms. 

(2) Grid Leak Resistance, 1,000 to 30,000 ohms in 1,000-ohm 
steps. 

(4) The grid and plate condensers were approximately equal 
in their capacities, which ranged from 0 to 30,000 wef. each by 
means of 6 Dubilier mica condensers of 5,000 „u uf. each. 

(5) Range of hot-wire ammeter A», 0 to 15 amperes. 

(6) The primary of the oscillation transformer consisted of 
24 turns of litzendraht wire (size: 32 strands of number 38 wire) 
wound on 6.75 inches (17.1 cm) of bakelite cylinder 8.25 inches 
(2.1 cm.) long and 10 inches (25.4 em) in diameter. Taps were 
brought out for each turn. 

(7) Source of plate current. The source of plate current 
was two Westinghouse motor generator sets shown in Figure 1. 
For small values of power one of these was used alone. For 
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high values the machines were connected in series, in which case 
a voltage of 900 or 1.000 volts was impressed on the tubes. 

(8) The vacuum tubes used were Signal Corps type, VT 12. 
This type of tube was used because of its ability to stand over- 
loading. These tubes will operate with their plates white hot 
without gas appearing. 


THE TEST CIRCUIT 


(1) The secondary of the oscillation transformer consisted 
of 24 turns of litzendraht wire (size: 32 strands of number 38 
wire) wound on 6.75 inches (17.1 em.) of a bakelite cylinder 
8.25 inches (21.0 em.) long and 8.5 inches (21.6 em.) in diameter. 
Taps were brought out for each turn. 

(2) Condenser Ci, 500 to 25,000 perf. 

(3) Range of hot-wire ammeter 4, 0—0.3 amperes, 0—0.6 
amperes, 0— 1.0 amperes, and Q—3.0 amperes. 

(4) The Variometer £L. 

(a) The first variometer used consisted of a stationary 
cylinder. 1.37. inches (3.49 em.) long and 3.06 inches 
(7.73 em.) in diameter wound with 20 turns of litzendraht 
wire (size: 32 strands of number 38 wire) and a rotating 
cylinder 1.37 inches (3.49 em.) long and 2.18 inches (5.56 
cm.) in diameter wound with 20 turns of the same size 
litzendraht as the stationary coil. The two coils were con- 
nected in series and the impedance of the variometer was 
varied by rotating the secondary with respect to the primary. 

(b) А second variometer having a smaller minimum 
Impedance than the first consisted of an outer and station- 
ary cylinder 0.75 Inch (1.91 em.) in length and 5.0 inches 
(12.7 cm.) in diameter wound with 8 turns of litzendraht 
wire (size as before). The inner rotating cylinder was 0.75 
inch (1.91 em) long and 4.25 inches (10.8 em) in diameter. 
It was wound with 10 turns of litzendraht wire (size as 
before). 

(e) For the highest frequencies where the inductance of 
the test samples become very small this latter variometer 
was changed to 3 turns on the stationary coil and 5 turns on 
the secondary. 

(5) Condenser Cz, 3,000 to 100,000 ku f. 

(6) Voltmeter V Ranges: 1.0 to 3.4 volts (no multiplier), 
3.0 to 10.5 volts low range of multiplier, 8 to 27 volts middle 
range of multiplier, and 17 to 60 volts high range of multiplier. 
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TEST SAMPLE 
ANALYSIS OF STEEL—AN analysis of steel similar to that used 
for the test sample is as follows: 


Percent. 
СОВЕ dks E ai ees 0.09 
SILICON. Ss bo wae had eee Ru 0.025 
Molybdenum................... 0.006 
Phosphorus..................... 0.004 
ДЕО ОКЕ ОУ ГЕОЛ ГЕ Trace 
Сгошиїшп...................... Trace 
МОИИ СНА None 
NICK Cl as oe deren td be bade sci en None 


This analysis was made by Professor Frank W. Durkee, 
Tufts College, Massachusetts, for the American Radio and 
Research Corporation, Medford Hillside, Massachusetts. Thanks 
are due Dr. V. Bush for the use of this material. 
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DISCUSSION 


N. W. McLachlan (by letter): In the preface to Mr. Wil- 
son’s paper, it is stated that the data are new. The actual numeri- 
cal values for a certain thickness of iron and a certain range of 
frequency are undoubtedly new, but no new facts have come to 
light regarding the behavior of iron at high frequencies. From 
the absence of references in the paper, one would conclude that 
no investigations had been conducted on the behavior of iron 
at radio frequencies since Mr. Alexanderson’s brilliant experi- 
ments of 1911. This, however, is not the case. The ‘Year 
Book of Wireless Telegraphy," for 1918, contains a complete 
résumé of work on iron at radio frequencies under undamped 
oscillations, up to October, 1917, together with a list of 45 refer- 
ences. Since this article was written, work on the same subject 
has been published in France and in Germany. In the “Journal 
of the Institution of Electrical Engineers" for April, 1916, а paper 
is published giving details of experiments on iron of different 
quality and thickness up to frequencies of 10% cycles per second. 
At that time the thinnest material available in England was 
0.25 millimeter (0.01 inch). 

Mr. Wilson's results are probably quite accurate enough for 
most practical purposes, for it is seldom, if ever, that iron is used 
in practice under the same conditions as those which hold in the 
laboratory. Iam, however, not prepared to agree with the state- 
ment in which he claims the same order of accuracy at frequen- 
cies of a million as at 60 cycles per second. A calibration of hot 
wire ammeters by direct current is no guide to their behavior at 
radio frequencies. The current measurements could have been 
carried out to a high degree of accuracy by using an iron-cored 
current transformer! and а thermo-ammeter. It is possible to 
calibrate aceurately the current transformer at radio frequencies 
by using а separate heater, thermo-junction and a sensitive 
direct current galvanometer.? I have built current trans- 
formers with errors less than 1 percent at frequencies from 105 
to 108 cycles per second. 

Mr. Wilson has found the usual discrepancy between the 
caleulated and experimental values of the depth of penetration 
of magnetization, or as it is frequently termed, the "equivalent 
depth of uniform magnetization." The reason for the difference 
is probably due to the fact that the resultant magnetizing force 
operative on the iron decreases from the skin to the centre of the 
(o 1 “Electrician, " December 22, 1916; ‘Wireless World," July, 1917. 

2 “Proceedings of the Royal Society ‘of London,” 1914. 
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plate. Thus the flux density, as is well known, decreases from 
the skin to the centre, since the so-called "true" permeability 
of iron varies with the flux density. It follows, therefore, that 
the “true” permeability varies from the skin to the centre. 
Moreover, the propagation of the flux waves within the iron, and 
the shape thereof, is quite different from that contemplated in the 
mathematical analysis, in which the permeability is assumed 
constant thruout the plate. Куеп when the phase displacement 
due to hysteresis is taken into account (with constant permeabil- 
ity), the discrepancy is still large. When the variation in per- 
meability is considered, the variable hysteresis loss at different 
depths complicates the problem still further. 

The question of a sinusoidal current wave giving rise to a 
sinusoidal voltage wave is a point which can be settled only 
experimentally. At low frequencies there is considerable dis- 
tortion of the voltage wave form, and at high flux densities the 
wave is very peaked.? In this respect it would be extremely 
interesting to see exactly what does happen at high frequencies. 
Such an investigation could be conducted by using an apparatus 
similar to that developed by the French military authorities and 
known as the Dufour cathode ray oscillagraph. This instrument 
has been used to record oscillations of 7.5 х 105 cycles per second, 
generated by triodes. 


Leon T. Wilson (by letter): In Dr. N. W. McLachlan’s dis- 
cussion, it is stated that ''the actual numerical values for a cer- 
tain thickness of iron and a certain range of frequency are 
undoubtedly new, but no new facts have come to light re- 
garding the behavior of iron at high frequencies." This in- 
terpretation of my statement, that the dala are new, is the correct 
and only one which I thought would be made. The chief 
novelty consists in the voltmeter employed and not in the data 
obtained, which are offered only as being of some possible general 
interest. . 

From the absence of any, except the necessary references 
in my paper, Dr. McLachlan would draw the conclusion that no 
investigations had been conducted on the subject since the 
experiments of Mr. Alexanderson in 1911. My paper, as may be 
seen from the first sentence of the preface, is not intended to be 
a historical résumé of all work previously done on the subject. 
The need for such a résumé was so well fulfilled by Dr. McLach- 
lan’s own paper contained in the “Year Book of Wireless Teleg- 


3 “Journal of the Institution of Electrical Engineers," June, 1915. 
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raphy,” for 1918, that I considered it entirely unnecessary even to 
attempt to add anything further. 

Objection is made, and not without grounds, to my state- 
ment that the accuracy of the results asa whole compares favor- 
ably with the accuracy that might be obtained at frequencies 
of 60 cycles. Here I had in mind the accuracy of measurements 
as they are very generally made at 60 cycles, and not that ac- 
curacy which it is possible to obtain in the laboratory under 
the best conditions. That is, the statement should not be 
interpreted as claiming a high degree of accuracy. 

Dr. McLachlan has made some interesting comments con- 
cerning current measurements, using an Iron-cored transformer 
and thermo-ammeter. The use of such a refinement in the 
current measurement in the present investigation, without hav- 
ing gone to similar refinements thruout, which would have been 
rather difficult in view of the changes in the properties'of the 
iron with changes in temperature, reminds one of the old adage 
about “straining at a gnat and swallowing a camel.” 

Dr. MeLachlan's explanation of the usual discrepancy be- 
tween the calculated and experimental values of the depth of 
penetration is constructive and of general interest. The reason 
for bringing out this point in the paper was to show that the dis- 
crepancy could not be explained as due to the presence of an air 
gap in the test sample. 
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CENTRAL STATIONS FOR RADIO COMMUNICATION* 


By 
Ernst F. W. ALEXANDERSON 


(CHIEF ENGINEER, RADIO CORPORATION OF AMERICA; CONSULTING 
ENGINEER, GENERAL ELECTRIC COMPANY) 


Radio achievements are often referred to as belonging in 
the realm of mystery, and it is indeed wonderful that we are now 
able to speak with a voice that carries thru empty space across 
the oceans. Whenever knowledge conquers a new force of 
nature for the use of humanity, it ceases to be a mystery, but the 
pursuit of this knowledge makes an even greater appeal to the 
imagination. 

The development of the steam engine was a triumph of the 
engineering art of the last century, but it was not the engine 
itself but the steamship and the locomotive that interested 
humanity. 

The telephone and cables no less than the steam engine have 
introduced a new era in human affairs. They have, to a degree, 
conquered space and time, but only with certain serious limi- 
tations. 

An ocean cable runs only from one landing place to another 
and it can be cut in time of war; its use can be censored by its 
owners and controlled by military and naval power. When, 
on the other hand, you send a radio message, it may reach all 
parts of the world. Depending upon whether it has been sent 
in code or in plain language, it may be a confidential, private 
message or a press message intended for the world at large, but 
nobody can directly prevent the electromagnetic waves them- 
selves that carry the message from reaching their destination. 
It is thus not exaggeration to say that the emancipation of the 
human spirit that was begun by the invention of the printing 
press has found its fulfilment in radio communication. Radio 
makes the transmission of ideas from man to man and from 
nation to nation independent not only of any frail material 

* Received by the Editor, October 12, 1920. Presented before a joint 


meeting of THE INSTITUTE OF RADIO ENGINEERS and THE NEW YORK Erkc- 
TRICAL SOCIETY, New York, November 10, 1920. 
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carrier such аз а wire, but above all it renders such communica- 
tion independent of brute force that might be used to isolate 
one part of the world from another. 

These are the ideal aims which inspire the engineers engaged 
in the development of the radio technique. This is also the 
explanation why some of the foremost lawyers, executives, 
financiers, officials, and statesmen of this country have found 
incentive in the human aspects of the radio technique to devote 
a great deal of their time and thought to its promotion and devel- 
opment on a world-wide scale. 

The interest that is evidenced by all concerned in this subject 
has become much more serious since it has been established that 
the laws and forces with which we are dealing are within the 
control of our knowledge, so that engineers can now proceed with 
the design of a radio communication system with practically 
the same deliberate accuracy as in the design of an electric power 
transmission from a water fall to a railroad. 

This audience is constituted of members of a society of electric 
power and light engineers as well as members of THE INSTITUTE 
oF RADIO ENGINEERS; so I shall take the opportunity to trace 
the close connection which now exists between electric power 
engineering and modern radio engineering and will demon- 
strate, as the specific subject of this paper, how the develop- 
ment of the Central Station for radio communication is as 
logical and inevitable as was the development of the central 
electric power station. | 

The entry of the Corporation with which I have been con- 
nected for the last twenty years upon the field of radio com- 
munication has been a gradual growth and a natural consequence 
of its general activities in power engineering. The engineers 
specializing in alternating current technique were in a natural 
position to take up the problem of designing alternators and 
transformers in the radio technique. These differ from the 
one used in the power technique principally in the fact that the 
number of alterations per second is about one thousand times 
as great. "This speeding up of the performance cne thousand 
times involved many new problems, but the most remarkable 
fact to record is that the generally established principles of the 
alternating current power technique could be applied to the radio 
technique almost without change. It meant that the magnetic 
properties of iron which had been reduced to an exact 
science by Steinmetz thirty vears ago had to be studied 
again at radio frequencies; but it was found the Steinmetz 
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laws of hysteresis eddy currents, and skin effect were .аѕ 
accurate at two hundred thousand cycles per second as at 
twenty-five cycles. 

It was furthermore found that the established conceptions 
of phase displacement, power factor, and leading and lagging 
currents were as applicable and useful in the high frequency 
as in the lower frequency technique. 

It is true that radically different methods had to be devised 
for measuring power factors of a fraction of one per cent from 
the methods used for measuring power factor of 50 to 100 per 
cent, but the new methods of investigation verified the well- 
known principles. 

The starting point of this development work was the time 
when Fessenden brought to the General Electric Company the 
problem of generating alternating eurrents for radio transmis- 
sion. In doing so Fessenden realized that a practical solution 
of this problem could be worked out only by an organization 
of specialists. 

Some of the problems that presented themselves in the evolu- 
tion of the radio power plant were: 

The design of a dynamo-electric machine or alternator gen- 
erating electric power in the form of alternating currents of fre- 
quencies one thousand times as great as those used for motors 
and lights. | 

The development of magnetic amplifying йезе capable 
of translating telephone and telegraph currents into correspond- 
ing modulations of the radio frequency energy flowing from the 
power plant into the radiating antenna. 

The development of a regulator so sensitive as to hold the 
speed of an ordinary induction motor constant within a few 
hundredths of one per cent, this being necessary in order to 
maintain the proper phase relations in a load circuit working 
at one-third of one per cent power factor. 

Improvement of the tuning of the antenna so as to transform 
as large & part as possiblelof the generated energy into electro- 
-magnetic waves. 

The realization of Fessenden’s vision, the radio power plant 
of to-day, became thus the result of the combined effort of lead- 
ing electrical and mechanical engineers. Among these, it is 
sufficient to mention Mr. W. L. R. Emmet, the creator of the 
giant electric power stations of today. 

The radio power plant which resulted from this was shown to 
Senator Marconi during a visit to Schenectady, and because of 
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his interest in its performance, it was transferred to the Marconi 
Radio Station at New Brunswick, where it had no sooner been 
installed than it was taken over for war service by the Navy. 
Further enlargements and developments of this installation 
which were undertaken by the Navy resulted in the plant 
which ig now owned and operated by the Radio Corporation 
of America. 

Here we had arrived at a point where two schools of engineer- 
ing pursuing different aims, with widely different modes of 
thought, had been brought before a common problem. The 
one had been thinking in terms of power factor, kilowatts, and 
phase displacement, the other in terms of wave length, decre- 
ments, and tuning. 

A third school of knowledge was at that time brought into 
contact with this technique and added new impetus to it. As 
soon as such scientists as Drs. Coolidge and Langmuir began 
to study the Fleming value and the remarkable little device 
invented by Dr. Lee De Forest and known as the audion, the 
foundation was laid for the vacuum tube technique which has ` 
so profoundly influenced the art of radio communieation. 

These scientists tell us that electricity is not the mysterious 
"power fluid" that we may have imagined flowing smoothly 
in our wires, but miniature plants or comets of condensed mate- 
rial electricity of definite charge and mass shooting across a 
miniature universe inside of a glass bulb and following orbits 
that can be calculated as accurately as the orbits of the stars. 

Keeping in mind the origin of the modern art of radio com- 
munication in these three widely separate realms of knowledge, 
power engineering and electro-physics, we may now proceed 
to examine the essential parts. We find then—first, a modern 
electric power plant working at very high frequency; second, a 
network of wires a mile (1.6 km.) long, supported on tall masts; 
third, on the opposite side of the ocean a little glass bulb full of 
shooting stars. The question is: what does really happen? 

Does the electricity generated by our alternator emanate 
from the antenna and flow in an undulating stream thru the air 
or thru the water or thru both? If we search for it in an air- 
plane, we find it, and if we submerge ourselves in a submarine 
and search for it, we find it, and yet we are told it 1s not so. 

Does thc little electron, as an individual, take a leap off the 
aerial wires and, after devious paths, find its home in the glass 
bulb on the other side of the ocean? We are also told that it 
does not. 
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If I knew exactly what really does happen, and should try 
to tell you, then sooner or later somebody would claim that I 
was altogether mistaken. Therefore, I will only try to tell you 
how I imagine that it happens, wondcring if any of you will see 
the same mental picture of the process that I sce. 

We were once told by the physicists that all space was filled 
by a fine substance that was called ether, and that the light and 
heat that radiated from the sun was a wave motion in the ether. 
The physicists now tell us that there is no ether, but still they say 
that light is a wave motion. Be this as it may, for the purpose 
of visualizing what takes place in radio transmission, it is con- 
venient to cling to the theory of the ether. 

We are familiar with other forms of wave motion—the air 
waves that carry sound to our ears and the water waves on the 
ocean. Thus the carrier of the radiated electric energy must 
not be likened to the flowing stream of water, or to the wind 
or to a bullet shot from a gun, but hkened to a wave in a uniform 
medium where each particle of the medium oscillates around a 
stationary base line while the wave rolls forward. 

The distance that a wave can travel in an absorbing medium 
before it fades out to a definite extent is proportional to its 
length. . We may therefore introduce the idea of wave length, 
which is the distance from the crest of one wave to the next. 
The long swells of ocean travel for hundreds of miles, whereas 
a pebble dropped on a still surface of water produces a ripple 
that fades away in a short distance. 

In radio communication it has been observed that the dis- 
tance over which reliable communication can be maintained is 
about 500 times the length of the ether wave that is used. It 
may be more than a mere coincidence that the distance to which 
a sound wave travels in air, and a wave on the surface of water 
will travel before it fades out, is also about 500 wave lengths. 
The average wave length of sound of spoken words is abont one 
foot (0.3 m.), and we know that if we speak loudly our voices 
will carry a distance of about 500 feet (150 m.). The exceptions 
to this rule that will occur to anybody are also significant. We 
know what distances voices will carry over a lake in a quiet 
evening. We also know what extraordinary distances radio 
signals will carry sometimes in a quiet night. These are “except. 
tions that prove the rule,” and the rule refers only to reliable 
communication under normal conditions. 

A radio transmitting system is designed for the purpose of 
producing waves in the ether which we call electromagnetic 
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waves, and for controlling the rate at which the waves are pro- 
duced in such a way that a train of successive waves will carry 
the meaning of articulate speech or telegraphic code. If we wish 
to send a message a long distance, we must select а long wave. 
The distance to Europe is 5,000 kilometers (3,200 miles). If 
this distance is to be bridged by 500 wave lengths, each wave 
length must be at least. 10 kilometers (six miles), or, as it is 
usually expressed, a wave length of 10,000 meters. 

We can produce water waves by rocking а boat. If we 
rock a canoe rapidly we get a short wave, but if we rock a larger 
boat more slowly we get a correspondingly longer wave. To 
rock the boat requires energy, but in order to produce a wave 
of suitable length, the energy must act thru an intermediate 
member which has suitable size, proportions and period of 
oscillation. 

In radio transmission. the energy is furnished by the radio 
frequeney power plant, but, in order to transform this energy 
Into waves, there is required the intermediate. member which 
makes contact with a large volume of the medium which carries 
the wave motion. This medium is the ether and corresponds 
to the water or the iir in the more familiar forms of wave motion. 
The member that. transforms the energy to the ether is the 
antenna. The waves used for trans-Atlantic communication are 
as a matter of fact 10,000 meters long. or even longer. The 
antenna corresponds to the hull of the rocking boat or the sound- 
ing board of the piano. | 

The analogy with water waves may be carried still further. 
The wave is a successive displacement of the medium, and the 
Initial displacement produced by the member aeting upon the 
medium is proportional to its volume. The water displacement 
of the boat corresponds to the effeetive volume of the antenna. 
The maximum voltage at which the antenna can be operated 
eorresponds to the maximum angle to whieh the boat may be 
rocked before it ships water. This is the voltage at whieh the 
surrounding air breaks down under the clectrostatie pressure. 
In electrical units; the displacement in the ether is expressed in 
meter-amperes, T his is really a measure of volume as is appar- 
ent from the consideration that the amperes charging current at 
the linning voltage is proportional to the two horizontal dimen- 
sions. The third dimension or the height appears directly. in 
the product; and is expressed in meters. 

The height of the antenna is the most expensive of the three 
dimensions by which we may create electric displacement in 
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the ether. The tendency in stations designed for greatest 
economy is, therefore, towards structures of moderate height and 
great length, whereas, the tendency in the past, when dynamic 
efficiency was the principal consideration, was towards towers 
of great height. The unit of performance on the old basis was 
kilowatts consumed by the antenna. The unit on the new 
basis is “ether displacement." This modern measure of antenna 
radiating capacity is the number of meter-amperes of “ether dis- 
placement” that can be produced at the voltage which is limited 
by the breakdown of the air. 

The antennas of the stations of. New Brunswick and Marion 
which are now used in trans-Atlantic service are cach one mile 
(1.6 km.) long. In the new Radio Central Station, which is 
being built by the Radio Corporation on Long Island, there will 
be ten or twelve antennas, éach a mile and a quarter (2 km.) 
long. This station is intended to communicate efficiently with 
all parts of the world. When very long distances are to be 
spanned, correspondingly long waves will be used. For efficient 
transmission of these long powerful waves, an antenna will be 
needed that makes contact with a large volume of ether. "This 
will be accomplished by combining several of these antennas 
into one unit. At other times the same antennas will be used 
for the simultaneous transmission of several messages over 
shorter distances. 

The shifting of radiation power which has been referred to is 
made possible by the use of the multiple tuned antenna which 
has been described in a previous paper before THE INSTITUTE OF 
Rapio ExaiNEEns.! The New Brunswick and Marion antennas 
are now tuned so that each acts as six single antennas operating 
in multiple. The combining of several such groups in multiple 
is only a further extension of the same principle. 

When two such antenna groups are connected in multiple, 
the loss resistance is reduced to one-half. Hence the efficiency 
of the antenna 1s increased so that a given power produces more 
radiation. Still more important is, however, the fact that more 
power may be utilized at this increased efficiency, and so the net 
result is that the amplitude of the radiated wave is doubled, 
which means that four times as much energy is radiated. 

The economical factors that point to the radio central station 
as the practical solution of the problem of long distance communi- 
cation are practically the same as those that created the central 


! See PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, volume 8, 
number 2, pages 279-282. 
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electric power station. Broadly speaking, they provide for the 
utilization of the plant investment and operating force to the 
utmost by shifting the equipment from one service to another 
and combining it to meet various demands. 

New York is a natural communication center and the service 
must extend to Europe, South America, and westward. Another 
Radio Central Station at Hawaii is being equipped to serve as a 
relay for all points on the other side of the Pacific Ocean. 

While it is winter on the northern hemisphere, the radiating 
power to Europe can be much reduced, but this is the season 
when the South American traffic requires a maximum radiation 
because of summer conditions then existing on the southern 
hemisphere. The New York Radio Central Station can then 
divert some of its radiating power from the European to the South 
American circuits. There will also be daily fluctuations in traffic 
load which will occur at different hours due to the difference in 
geographic longitude. Thus the peak load of European traffic 
will occur at different times than the South American and Western 
traffic. The central station equipment can be utilized so as to 
take advantage of this. 

The realization of trans-Atlantic radio telephony for com- 
mercial purposes is another object of the Radio Central installa- 
tion. Trans-atlantic telephony will, no doubt, be something 
of а luxury for the immediate future. "The radiation intensity 
needed for telephony is much greater than for telegraphy, and 
a plant designed purely for telephony might prove very expensive. 
However, the flexibility of the Radio Central, where any number 
of antennas can be combined when desired to produce a more 
efficient radiation, will make an extra powerful transmitter 
available when needed, while the plant may be used in а more 
economical way at other times for telegraphy. 


SUMMARY: There are considered the mechanism of radiation and reception 
in radio communication. The design of the transmitting equipment is com- 
pared with the design of the usual alternators and power plants of electrical 


engineering. The main problems encountered are described, and an account | 


is given of the solutions obtained. The development of the Radio Central 
Station for telegraphy and telephony is discussed, its arrangements described, 
and its usefulness indicated. 
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FIGURE 1—One of the Outdoor Loading Coils 
Used on the Multiple Tuned Antenna 


‚ [ ^u ) Ay i! \, | | 
M WP Pr Жы, u 
| fu] ^7, FERS 
NEW pei WICK RADIO STATION 


—-0 


SECRETARY OF THE NAVY DANIELS IN WASHINGTON DC. 
SPEAKING Tia PRESIDENT PFO A i e, 


«зз. «грда WATIE TEM, ' i 
m z2,/9/9. - 


4 диез) ¢ arro d. CURR EN 7 
' иу MAGNETIG Lhd deh, 1 ins n ng fn 


/ 


Figure 2—Secretary of the Navy Daniels in Washington, D. ( 
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FIGURE 4—Antenna Combinations for the New York Radio Central Station 
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THE SPECIFICATIONS AND CHARACTERISTICS OF 
MOORHEAD VACUUM VALVES* 


By 
О. B. MOORHEAD 


(GENERAL MANAGER, MOORHEAD LABORATORIES, SAN FRANCISCO, 
CALIFORNIA) 


AND 


E. C. LANGE 


(CHIEF ENGINEER, MOORHEAD LABORATORIES) 


The war has been responsible for some remarkable develop- 
ments in radio apparatus, among whieh the vacuum valves 
have played an important part. The varied uses to which valves 
have been applied has necessitated the manufacture of large 
quantities of valves having uniformity of operating charac- 
teristics. 

The British Government required a considerable number of 
vacuum valves, and while they were being built by hand in Eng- 
land, the supply was not sufficient. The valve adopted by the 
British Government was presumably copied from the French 
type, and complete specifications were submitted by the British 
Government which cover a large amount of detail. The writers 
will discuss part of these specifications in the following, calling 
attention to the careful mechanical measurements contained 
therein. 

The Type “R,” which is the British receiving tube, is of the 
three electrode type. The anode consists of a rectangular sheet 
of pure nickel 31 mm. X 15.2 mm. (1.22 0.6 inch), rolled into a 
cylinder 10 mm. (0.39 inch) external diameter, the thickness of 
the metal being 0.2 mm. (0.08 inch). The grid consists of a 
nickel wire 0.25 mm. (0.10 inch) diameter and 165 mm. (6.5 inches ) 


long. This wire is bent into a spiral of 11 turns. The pitch of 
this spiral being 1.5 mm. (0.06 inch), the internal diameter is 
4.25 mm. (0.17 inch). The filament is pure drawn tungsten 

* Delivered before the San Francisco. Section of THE INSTITUTE oF 


RADIO ENGINEERS, November 14, 1919. Received by the Editor, December 
8, 1919. 
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wire, diameter 0.061 min. (0.0024 inch) and 23 mm. (0.91 inch) 
in length when uncrimped. 

The disposition of the electrodes is made as follows: The 
grid spiral and anode cylinder are placed so their axes are coin- 
cident with the filament. The grid is set so that 9 of its turns 
are within the cylinder and one turn projects at each end of the 
anode. 

The size of the glass bulb specified is not to exceed 54.76 mm. 
(2.15 inches) external diameter, and the length from the remote 
end of the pins on the base to the tip 111.91 mm. (4.41 inches). 

The British and French type of base is used, but was im- 
proved upon considerably by base manufacturers in this country. 
An unusual degree of mechanical accuracy was required in the 
base and terminal pins, a few figures for which are given here. 
The diameter of the terminal pin is 3.171 mm. (0.125 inch) and 
a tolerance of but 0.075 mm. (0.003 inch) is allowed. The length 
of the pin projecting from the base is 17.462 mm. (0.688 inch). 
Numerous test gazes tre used in checking the assembled base 
and valve. : '* me 

The electrical tests specified are thüracteristie. of. the me- 
chanical details as contained in the specifications. To test the 
correctness of the disposition and proper dimensions of the ele- 
ments, the filament is supplied with four volts, the anode being 
maintained at 80 volts positive with respect to the negative end 
of the filament, and a curve obtained by plotting as abscissas 
the potential difference of the grid in respect to the negative end 
of the filament and as ordinates the filament plate current. ^ This 
eurve must be a straight line for variations of grid potential be- 
tween (minus three) and (plus twenty-five) volts, a variation of 
] volt grid potential producing a variation of plate current of at 
least 0.2 milliamperes. Furthermore, when the grid and plate 
are connected together and a potential of eighty volts applied 
to them, the current then obtained bet ween the filament and these 
two electrodes must be above 8 milliamperes. 

The bulb must be so evacuated that the “backlash” is be- 
tween 0.5 and 0.02 microamperes. The method of obtaining 
the backlash 15 described here. A potential is applied to the 
grid, the anode being at 160 volts positive, and filament voltage 4. 
A curve is plotted, taking the grid current as ordinates and the 
negative grid voltage as abseissas. The negative current. repre- 
sented by the ordinate when the grid potential is 2 volts negative 
in respect to the filament, is the backlash. Further testing when 
the grid potential is removed, all other conditions the same, the 
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positive current to the grid must not exceed 1.5 microamperes. 

The electrodes and all internal parts of the valve must be su 
freed from gases that no deterioration of the vacuum occurs 
when the anode is dissipating 15 watts energy for three minutes 
continuously. The anode dissipation is measured in the fol- 
lowing way: The filament is supplied with 6 volts, the anode 
with 400 volts, and the grid with positive potential until the 
plate current reads 37.5 milliamperes. During the continuance 
of this test, no blue glow must appear in the bulb. 

The filament current when six volts are applied’ must be 0.84 
ampere with a tolerance of 0.035 ampere. The contact of the 
leading-in wires with the elements must be such that, when the 
valve is used in a 4-stage amplifier, no crackling sounds are heard. 
The insulation of the base must exceed 150 megohms when the 
valve is not lighted. The valve has a life of 800 hours when four 
volts are used on the filament. 

The British Type “В,” which is a transmitting valve, will 
next be considered. 

The anode is a rectangular sheet of nickel 31 mm. (1.22 inch) 
by 16 mm. (0.63 inch), rolled into a cylinder of 100 mm. (0.394 
inch) external diameter, the thickness of the metal being 0.22 
mm. (0.0087 inch). The grid consists of molybdenum wire, 
diameter 0.2 mm. (0.008 inch) and length 330 mm. (1.3 inch). 
This wire is bent into a spiral of 22 turns, the pitch being 0.75 
mm. (0.040 inch), the internal diameter being 4.1 mm. (0.16 
inch). The filament is drawn tungsten containing a small 
percentage of thorium, the diameter of this wire being 0.058 
mm. (0.0023 inch) and the length 22 mm. (0.87 inch). 

The valve is assembled like the Type “R,” and the following 
electrical tests applied: disposition of electrodes, and correctness 
of dimensions. The anode is maintained at 600 volts positive; 
six volts are applied to the filament; the grid is maintained at the 
same voltage as the negative end of the filament. Then the plate 
current must be 17 milliamperes plus or minus 6 milliamperes. 
The grid is next supplied with 10 volts positive, and the plate 
current must exceed by 5.5 milliamperes that current observed 
in the previous case. | 

The vacuum is tested as in the type R case except that the 
anode must dissipate 50 milliamperes at 600 volts for three min- 
utes continuously. During this test the anode becomes white 
hot. No backlash test is made, but the filament emission is 
measured by connecting the grid and plate together and apply- 
ing 80 volts with respect to the negative end of the filament, which 
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is supplied with 4 volts. The current thru the valve must then 
exceed 5 milliamperes. 

The filament current when 6 volts are applied must be 0.85 
ampere with a tolerance of 0.04 ampere. 

The valves were constructed of materials produced in the 
United States, and the specifications followed carefully. When 
the completed valves were tested. thev agreed with all the elec- 
trical measurements described above. 

The type К valve, however, had its elements mounted 
vertically. This was done as the specifications did not cover the 
position of the elements, and no samples were available in this 
country at that time. Samples did arrive, however, before the 
type B was made, and the elements were changed to a horizontal 
position to conform to the French sample. 

The United States Navy type. SE-1444, was the next valve 
constructed, using the helical grid and evlindrieal plate. 

A few mechanical changes will be noted, namely. that the 
grid and plate supporting wires were separated as much as pos- 
sible, and made of heavier material. The capacity was decreased 
by these changes, while the internal impedanee and amplification 
constants remained about the same as the British valve. 

This type of construction 1s still used in the valves supplied 
to the Marconi Wireless Telegraph Company, and known as the 
“Marconi V. T." However, the flash exhaust is not used in the 
Marconi V. T., class 2. That is, а vacuum permitting gas action- 
is used in this particular class of valve. 

The tendency of the art at this time is to decrease the power: 
consumption of vacuum valves for receiving purposes, and de- 
velop a valve which shall consume less than 1 watt, still retaining 
the high constants of the larger valve. The filaments will be so 
accurately mounted that no manual adjustment will be required; 
for the proper temperature and emission. The valve will be. 
made much smaller, and a type of Бахс with very low capacity 
wil be used. This will also greatly decrease the cost of the 
present valve. 


THE CHARACTERISTICS OF MOORHEAD VACUUM TUBES 


The authors will not dwell on an historical review of vacuum 
tubes in general, nor will they go into a detailed. description. of 
tubes, such as the Fleming valve, kenotron, de Forest. audion, 
pliotron, and so on because most radio engineers are familiar 
with these. For the same reason, and also because of detailed 
specifications given in the first part of this paper, further deserip- 
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tion of the Moorhead tube, or rather Moorhead tubes, will be 
omitted. | 

In general, the Moorhead tubes can be divided into two classes: 
the “soft” tubes and the "hard" tubes. To the first class belong 
the “Electron Relay" and “Class B," or “Class 1” tubes; to the 
second class belong the SE-1444, or “Class 2" tube, and the 
“Type C” tube, also the “British B" and “British R.” 

The “Кеу Figure" here given illustrates the general construc- 
tion of these tubes and their dimensional nomenclature. The 
“Electron Relay" and the "Class 1” tube (also called “Моог- 
head Audion") belong to the class of detector tubes depending 
on the presence of traces of gas for their action. Figure 1 shows 
the representative characteristic curves of this type of valves. 


GENERAL ARRANGEMENT OF ELEMENTS 
лоот АО VACUUM TUBE. 


i 


Key FicvRE—Construction of Moorhead Tubes and 
Principal Dimensions 
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Both the “Electron Relay” and the “Class 1" tubes are ident- 
ical in their action, there being only a difference in mechanical 
construction. 


FIGURE 1 


Paralleling the above class of tubes, a type of tube known as 
“British R" has been developed. This tube has a “hard” 
vacuum, but the elements are of such proportions as to permit 
the application of lower plate potentials for the use as a detector 
tube, this same tube making a comparatively good amplifier 
when higher plate potential is used. The characteristic curves 
of this type of tube are shown in Figure 2. These curves show 
that the plate potential should be between 20 and 40 volts when 
used as a detector with the grid potential about 2 volts. 

Examining the curves of Figure 1, it becomes evident that 
the tube makes the best detector with about 20 volts plate po- 
tential and 0 volts grid potential; the higher plate potentials 
requiring higher negative potentials of the grid. 
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Comparing the curves of the two tubes we will find that the 
“Class 1” tube, or “Moorhead Audion;" is a more sensitive 
detector than the “British R” tube. Dele 


FIGURE 2 


In general, as will be demonstrated later, two widely different 
designs of tubes should be adhered to: one for detector tubes and 
one for amplifier tubes. While the same tube may serve as 
detector and amplifier (for example, “British К” tube and 
SE-1444 tube), yet this is accomplished at a sacrifice of the best 
operating characteristies. From a number of tubes specially 
built for the purposes of research, the fact that а tube making the 
best amplifier makes а poor detector and conversely, has been 
brought out very clearly. | 

The authors’ research work was undertaken chiefly with the 
purpose of developing a tube having high amplification and low 
resistance,—characteristics very much desired. The extent 
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of research work is shown by the accompanying plots of tests 
of a few of the tubes scected in such a manner as to show the 
extreme results obtained. The static method in all cases was 
used, which, altho erratic to some extent, permits calculation of 
coefficients, er- constants, as defined in Mr. Ballantine’s paper 
(PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, April, 
1919)... 


7. Particular attention was paid to the determination of follow- 
- ing constants: 


і dE, change of plate potential 
dE, change of grid potential 
(The author suggests the term "grid control coefficient.’’) 


—amplification constant. 


D dE, change of plate potential 


= = — = internal resistance. 
41, change of plate current 


y ^ _ dl, change of plate current. 
Ro dE, change of grid potential 


All of the three ratios, which are called constants, are by no 
means constant, their values varying within wide limits for the 
same tube. The accompanying curves of Figure 3 give the mag- 
nitudes of such variations in values of an SE-1444 tube. These 
variations are by no means accidental, but are inherent charac- 
teristics of every tube. Particular attention may be called to 
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behavior of the two of the "constants," the amplification con- 
stant and the internal resistance. Every small gain in amplifi- 
cation results in an increase of internal resistance, and it does not 
seem possible to build a high power amplifying tube of low re- 
sistance. 

Moreover, the same types of tubes, made in exactly the same 
way, with the same precautions during the process of manufac- 
ture, of the same materials, in short, tubes supposed ‘to be iden- 
tical in every respect, show variations with regard to the operating 
characteristics, in addition to the variations mentioned above. 
The magnitude of these variations is clearly shown in Figure 4. 
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FIGURE 4 


The three sets of characteristic curves plotted to the same scale 
very vividly show how minute defects, detection of which under 
ordinary conditions and with less sensitive apparatus would be 
termed “hair splitting," will change the characteristics of a tube. 
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The plate material strained a little while being rolled into the 
cylindrical shape and slightly opening when subjected to high 
temperature, will get away a fraction of a millimeter from the 
grid; the result is that the characteristic of the tube can hardly 
be recognized; slight variations of tension on the filament wire, 
uncertainty of supports retaining their shape when brought up 
to a temperature of about 800 degrees Fahrenheit (426° С.) 
during the exhaustion, or to a still higher temperature during the 
*blue-glow" process,—all these causes will have their effect. 
In addition, there are gases in the metal of tube elements, which 
gases, tho driven out of metal at very high temperature, defy the 
action of the “getter” and are re-absorbed by the metal to be 
driven out again when the tube is allowed to reach a high enough 
tempersature—and we all know what a trace of a gas will do to the 
characteristic of tube. The result is that, to be exact, there is 
one chance in a thousand to get two tubes that will be absolutely 
alike. But this zs “hair splitting." Thousands and thousands 
of tubes have been built and have given absolutely satisfactory 
service by slight variations of minor accessories of the circuits 
using а tube. Оп the whole, and for all practical purposes, the 
hard vacuum tube shows a consistent uniformity. А tube of 
definite design will give definite results within very close limits. 

At this point, we shall temporarily abandon the discussion 
of general characteristies and consider the characteristics shown 
by each of the tubes tested by the authors, including even the 
soft tubes. 

Up to the present date, as has been stated by an authority, 
quoted literally, “the vacuum tube art is in a very fluid state.” 
The action of the tube in general has been studied and the tube 
has been made use of for several very different applications, all, 
more or less, successful. But in spite of wide applications of 
the tube, in spite of its being in use daily all over the world, no 
satisfactory solution of a mathematical theory has been given. 
The fact that all of the tubes (speaking of the three element 
tubes) have similar characteristics, their characteristic curves 
showing that they all belong to the same family, leads to the 
belief that one and the same law of action governs them all. 
Mathematical formulas have been advanced, but these formulas 
as tested by the authors, did not give satisfactory results. It is 
only to be hoped that more research work and more detailed 
study will be done in connection with the tube to arrive at the 
law determining the action of the tube, no matter what its shape, 
and no matter what its proportions may be. 
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In what follows, the authors will not try to advance any 
mathematical theory, but will confine themselves to presenting 
a few observations of the action of the tube elements, which 
actions being absolutely uniform may lead to a founding of a 
definite theory of the vacuum tube. 

The first element to be mentioned is the tungsten filament. 
Taking measurements on different sizes of filament wire, both 
straight and crimped, the authors have found that the specific 
resistance of material of the filament was 0.000,005,58 ohms, or 
5.58 X 107° ohms per em.?, which result corresponds very closely 
with that given by the Bureau of Standards, which is given as 
5.6X 107° ohms. The temperature coefficient was taken from 
the same source and used as an average of 0.0045 per degree 
Centigrade. It was found that the crimping added 27 to 30 
per cent to the resistance, thus increasing the length of the fila- 
ment wire about 30 per cent. Using a speeific resistance 
p=5.6X107~° ohms, the curve of resistance of tungsten wire of 
different diameters has been calculated and is given in Figure 5. 

All of the tubes used in the tests, except the “British В” 
tube, have 0.061 mm. (0.0024 inch) diameter filament wire 23 
mm. (0.905 inch) between the supports. The average filament 
resistance is 0.565 ohm at about 20 degrees Centigrade; at this 
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temperature the combined resistance of copper wire connec- 
tions, platinum seals, and nickel supports measured 0.08 ohm. 
Figure 6 gives resistance, temperature and current curves of 
0.061 mm. (0.00241 inch) and 0.058 mm. (0.00228 inch) diameter 
filaments. The temperature and resistance curves are those of 
23 mm. (0.905 inch) long, 0.061 mm. (0.00241 inch) diameter 
filament. For practically all of the tests the filament voltage 
was kept at 4 volts. 
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From Figure 6 it will be seen that the filament was at about 
2, 100 degrees C. when using 4 volts, and that its temperature 
is raised to about 2,600 degrees C. using 6 volts. It was the 
authors’ intention to give an account of every test at 4, 5, and 
6 volts on the filament, but such comparative tests will be re- 
served for the future. < 

The electronic -mission has been carefully studied by 
Richardson, who éxpressed the law governing the emission of 
electrons in an equation analogous to the equation of evaporation 
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of liquids. This equation appears below, together with sample 
calculations of the current. · The two constants entering into 
the equation were taken as calculated for tungsten by Langmuir. 

The length of the filament being 23 mm. (0.905 inch) between 
the supports, or about 23X 1.3 = 29.9 mm. (1.18 inch) effective, 
we have for the exposed area of filament 


A =zd1=3.146 X 0.0061 X 2.99 = 0.057 cm.? (0.00086 sq. in.) 


Figure 7 shows a graph of the “thermionic” equation given 
by Richardson which is 


b 
i=AT e m (1) 
where Т = temperature of filament (Kelvin or absolute) 
а= 23.6 X 10° | 
b —52.5 X 10° 
or | р Ио E / 
1=28.6Х 10 T'c T  milliamperes/ cm.? 


Caleulated emission at 2,100 degrees C., 
i= 14.95 X 107? = 853X 107° amps. 


The above results represent the maximum electronic emis- 
sion available at the surface of the filament as the equation is 
strictly “thermionic” and does not take into consideration the 
presence of & charged body or the separating space between, 
same. 

On the other hand, we have an equation giving the maximum 
current in the cylinder with the wire filament at the axis of the 
same. 


a 


imar = 14.65 X 10 5 5 amps./cm. length of the cylinder (2) 
V =applied potential 
r= radius of the cylinder. 


Calculating the current which would flow in a tube having 
10 mm. (0.394 inch) diameter plate and 15.2 mm. (0.6 inch) 
long, we would have for 10 volts potential of the plate 


imar = 14.65X 167° 1.52 < уш = 14.1 (10) ^ amps. 

This equation does not take into account the temperature 
of the filament, which is not quite correct, as the tempera- 
ture of the filament has an effect on electronic emission, 
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more noticeable as the potential increases. Figure 8 shows 
the plate potential curves of two hard vacuum tubes without 
grids at 4 and 5 volts filament potential; two soft tubes without 
grids were also tested and it will be noted that, up to the potential 
of 10 volts on the plate, the curves show uniform rise but for the 
higher potentials on the plate the saturation of the soft tubes 
becomes very marked. The difference between the 4- and 5-volt 
curves 15 very slight, demonstrating that the increase of the temp- 
erature of the filament does not materially increase the flow of 
the current. Carrying out the calculation for 20 volts plate 
potential, we will have 


A m 


= 14.65 < 107 9X 1.52X = 39.9 (10) ~* amps. 


The theoretical curves V ~ plotted in Figure 8. The 
curve in dashes indicating the position the curve for 5 volts 
should be corrected as the voltmeter was later found to be read- 
ing 1.5 volts too high. 


108 


With the above correction, the theoretical and the actual 
curves are brought close together. 
Examining the equation for the current of the tube with 


cylindrical elements, or 
| (уи 
9\т/ r’ 


we note that the diameter of the filament wire is not taken into 
consideration at all. The formula makes it appear that the cur- 
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FIGURE 8 


rent is altogether independent of the diameter of the filament, 
which, in the opinion of the authors, is not correct. As will be 
demonstrated later, the size, or diameter, of the filament is a 
very important factor in the analysis of the action of the tube and 
in determining the velocity of emission of the elementary charge. 
Reference may be had to the curve of forces due to an electric 
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charge оп a cylindrical conductor such as filament. The form- 
ula gives higher results than are obtainable in actual tubes. 
Figure 9 gives a series of plate and grid currents. with all 
elements assembled in place, except one which shows the curve 
of the plate current of a two-element tube (the same as Figure 8). 
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Studying the curves we will find that the plate-current curve 
of the gridless tubes runs together with grid current curves. All 
other curves represent the plots of readings of plate-filament 
current, with grid kept at zero potential by grounding it; when 
taking grid-filament current readings the plate was grounded. 
(No difference in readings was noted when grid or plate were not 
grounded). Each curve on this drawing very closely follows the 
equation 

Y=AX 
This equation appears to express the law governing the opera- 
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tion of any two-clement valve, wrthin the limits of saturation, 
The saturation point of the valve depends on the filament temp- 
erature and the potential difference between the filament and the 
anode. The difference between the results as given by the 
“thermionic” equation (1), and equation (2), is evidently due to 
acceleration of emission due to applied potential. This may 
also explain the difference between the slopes of the calculated 
curves and those plotted from actual tests. Я 

It will be noted that checking the curves from point ta point, 


but is 
17 


the rise of the curves is not exactly in the ratio of 


UB 
more correctly in ratio of —— k, where Ё< 1, and may be taken 


as a factor giving the nsns of total potential applied minus 
the potential required to force the emission of electrons in excess 
of natural emission, or emission which would take place if the 
filament were removed from the influence of a charged body. 

Figure 10 gives the plots of tests of the grid-filament current 
characteristics. The sketches of Figures 11 to 14 inclusive show 
the same curves to the smaller scale. From the curves, it is 
evident that the same law of the flow of current applies in this 
case also. Three different sizes of grids were tested, in cach case 
the plate was grounded and thus kept at zero potential. 


FIGURE 10 
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Figures 11 thru 14 represent the grid potential-grid current 
curves. The tests were taken with grids 11 and 22 complete 
turns, 3.37, 4.1, and 5.5 mm. (0.133, 0.162, and 0.217 inch) 
diameters respectively (these diameters are the diameter of 
mandrels used in the winding of the grids and, therefore, repre- 
sent the inside diameter of the grid spiral). The wire used was 
0.010" =0.254 mm. diameter The pitch of winding for the 
11-turn grid was 1.5 mm. (0.059 inch), that for 22-turn grid was 
0.75 mm. (0.0295 inch). 

Figure 15 gives grid potential-grid current characteristic of 
a tube having grid and filament only. The same drawing shows 
three computed curves for plates of length equal to the length of 
grids and of the same internal diameter. It will be noted that 
the ratio of values of plate current to that of the grid of the same 
diameter and length, depends on the number of turns of the grid 
and its distance from the filament. 

Figures 11 and 12 (Curves 1 and 2 in Figures 13) show two sets 
of grid current curves; Figure 7 shows curves for 5.5 mm. (0.217 
inch) inside diameter grid, Figure 11 for 3.37 mm. (0.133 inch) 
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diameter grid. These two sets of curves give the variation of cur- 
rent asa function of number of turns, and show that by doubling 
the number of turns of the grid we do not double the current. The 
difference between the values of current for the same size of grid 
hut different number of turns appears to be not only a function 
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of the number of turns but also a function of its distance from 
the filament and the potential applied. The determination of 
this function, ‘ve believe, will completely solve the problem of 
mathematical predetermination of characteristics. Two curves 
in Figure 16 show the variation of current difference with varied 
potential for 11- and 22- turn grids, and it will be noted that the 
slope of the curve 3.37 mm. (0.133 inch) grid is considerably 
greater than that of 5.5 mm. (0.217 inch) grids. The variation 
of grid current as a function of the diameter turns is clearly 
shown in Figure 13, representing the current curves for 3.37, 4.1, 
and 5.5. mm. (0.133, 0.162, and 0.217 inch) diameter grids. The 
curves show a certain consistency, but do not follow exactly the 


ratios of their diameters. 
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Figure 17 gives the curves of grid current differences as func- 
tion of diameters of the grid and the potential applied. Here 
the curve for 22-turn grid shows a greater slope than that of 11- 
turn grid. It is impossible for the authors to present at present 
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a complete analysis of grid action, as the observations and ex- 
periments are not complete. Several special tubes will have to 
be made and carefully tested before conclusive interpretation of 
the grid action may be given. 

It is the writers’ opinion that the action of the grid 1s depend- 
ent upon the distribution of the charge on the grid; due to its 
non-uniform distribution, the path taken. by the elementary 
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charge diverges from a straight line, as it would if no charged 
body were present near the filament. The grid consisting act- 
ually of a number of rings will produce a field as indicated on the 
attached force diagrams, Figures, 18, 19, and 20. These force 
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FIGURE 18 


diagrams indicate that the moving charge, purely under the ac- 
tion of grid, without the action of any body placed outside the 
grid, will be crowded toward the center turns of the grid, this 
action becoming more and more apparent as the diameter of the 
grid decreases. Тһе diagrams were drawn for arbitrarily as- 
sumed values for the diameter, spacing, and so on, with the sole 
intention of studying the resultant action of a number of rings, 
or turns, placed concentrically with regard to the filament. 
The curves on Figure 21 represent the values of forces from point 
to point extending thru the whole length of the filament; the 
values of the resultant forces were taken disregarding their 
direction, for 1, 3, 5, and so on turns of the grid. The curves 
are self-explanatory and show very clearly that with increasing 
number of turns and increasing diameter of the grid, its action 
on the filament (or, rather, its action in the space between fila- 


117 


| 
t‏ 
| 
و ا 
! 
— — 
$ | 
$ 
| 
' 


E 


^" a 


— == 


east 


' e "m ` ° — е ч " " 
V 


| 
+ je — à 
md esa mc у poe 
| | „тыме $ 


- x а i 


FIGURE 20 


115 


нао т: СЕНДЕ ПИ Жи ADE Р 


те Рт ret .. 


ا А‏ ل 


Digitized by Google 


EE RR RR 


——— l ——— — 


ment and grid) becomes more and more uniform, In general, 
the number of turns, their spacing, and the diameter of the grid 
and also length of the filament and its diameter, all have to 
be considered in an analysis of grid characteristics. 


FIGURE 21 


The equation (2), according to the above statement, can not 
be applied in the case of grid. Studying the characteristics 
of two-element tubes consisting of the filament and plate only 
(so-called gridless tubes,) it was observed that in each case the 
value of current as given by the formula was too high. This 
fact is very clearly shown by the curves of Figures 8 and 22, and 
Figure 8 gives comparisons of the plate-filament current of a 
. hard vacuum tube with that of a soft tube at different tempera- 
tures of the filament, and also calculated curves for 8 and 10 
mm. (0.315 and 0.394 inch) diameter plates. Figure 22 shows 
tests of 3 tubes with plates 8 mm. (0.315 inch) diameter. (It 
must be noted that the specified diameter of 8 mm. is not correct 
by а wide margin for these tubes; the plates were formed by 
means of a pair of pliers and then very poorly. The curves are 
shown solely for the purpose of demonstrating how small me- 
chanical defects will alter the characteristics of a tube). АП of 
the three tubes were exhausted at the same time and with the 
same precaution, yet they show considerable variation as re- 
gards the limits of saturation, indicating some condition prac- 
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FIGURE 22 


lu general. it may be said that the plate-filament current at 
Caen temperature of the filament in a two-element tube. con- 
wating of a evlindrieal plate and a filament. is a function of the 
pate diameter. and the diameter of the filament and its length. 

Urges 25 thru 27 give the curves representing the values 
of расе Ате current of hard vacuum tubes. all tubes having 
the three elements completely assembled in accordance with 
vardan practice. The readings were tasen with the grid en- 
сузу disconnected grounding of the епі cid not affect the 
малах at АС. Thus the action of the grid was eonünedl to 
A purely sereening action acd tle resucjs obtained were ratner 
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final mathematical analysis is completed. The determination 
of exact relations between the geometrica! dimensions of the 
grid and its action on the plate is more difficult than may appear 
at first, but, in the opinion of the authors, a few more tests will 
definitely indicate the laws governing said action. Figure 9 
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shows the plate-filament and the grid-filament. current curves; 
the plate-filament curves were taken with grid disconnected, aud 
are the same as shown on sketches, Figures 23 thru 27, and are 
plotted here to the same scale in order to bring out more clearly 
the action of the grid as a screen; the grid-filament current curves 
were plotted on the same sheet to demonstrate that one and the 
same law governs the flow of the current for both plate and grid. 
It is of interest to note that the plate-filament curve of a gridless 
tube (D = 10 mm. or 0.394 inch) takes its place in this family of 
curves among the current curves for grids. 

A careful study of the curves will reveal several interesting 
points. Examining the grid-filament current: curves, we note 
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that for the same diameter and the same overall length of grid, 
the current will be greater the greater the number of turns. 
The difference in current between two grids of same diameter 
but of different number of turns seem to be a function of the 
number of turns only, and is independent of the diameter of the 
grid. As expected, the larger the diameter of the grid, the smaller 
the current. 
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We will now compare the plate-filament current curves 
sereened by the grid (grid at zero potential) in greater detail and 
refer to Figures 23 thru 27. Figure 23 represents current curves 
of a tube having 10 imm., (0.394 meh) diameter by 15.2 mm. 
(O6 meli lone plate 0 = 10 mm. The diameter (inside diam- 
eter) of the grid is d 25.5 nun. (0.217 inch), the pitch of winding 
for 11-turns grid being 1.5 min. (0.059 inch), and that for 22- 
turns grid O.75 mm. (0.029 пей). These curves show that a 
slight difference in values at lower potentials of the plate in- 
creases very rapidly as the potential mereases, the difference 
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varying approximately as the cube of the potential. The same 
approximate relation is brought out by the curves of Figure 24, 
which curves were compiled from readings of tubes of same di- 
mensions as those of Figure 17 except that the diameter of the 
grid was made 3.37 mm. (0.133 inch). Both of the above sets of 
curves show the plate-filament current, with grid interposed, 
but at zero potential, as a function of the number of turns in the 
grid, when overall dimension of the grid and its relative position 
with respect to other elements were kept the same. 
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FIGURE 25 


To compare now the difference of the flow of plate-filament 
current, keeping the number of turns of the grid the same but 
varying its diameter, the curves of Figures 25 and 26 were plotted. 
The rate of variation of the current as a function of the diameter 
in this case is not as apparent as in the above ease, but no 
doubt careful investigations and a detailed analysis will permit 
arriving at the establishing of relations between the flow of the 
current and the diameter of the grid. 
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FIGURE 26 


e 

Figure 27 shows two curves of tubes having grids and fila- 
ments alike in every respect (as near as is possible in their man- 
ufacture), but the plate diameters were 8 mm. and 10 mm. (0.316 
and 0.394 inch) approximately. In other words, these curves 
furnish us with information as regards the changes of current as 
a function of grid-plate distance. With regard to this grid-plate 
distance, we can state that 1t appears to have a great influence on 
the operating characteristics of a tube. As we shall see later, it 
is this distance that governs the quality of a tube as an amplifier. 

We can now take up the study of simultaneous action of 
all of the three elements of a vacuum tube. Three sets of curves 
in Figure 4 illustrate completely why it is imperative to duplicate 
almost all of the foregoing tests. It will be noted from the curves 
that the three tubes, which, by the way, were taken at random 
from a large lot, show widely different characteristics. As 
stated at the very beginning of this article, the causes for such 
variations are many, and to determine conclusively such causes 
for the purpose of their elimination, if this be within possibility, 
it is neeessary to carry out series of tests with as many possible 
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variations of dimensions of elements as will be necessary to com- 
plete the mathematical analysis. With the aid of such an analy- 
sis the various causes tending to distort the characteristics of a 
tube could be studied with more precision, as could also the pos- 
sibilities of determining the best which can be expected of 
a tube. 
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FIGURE 27 


Figure 28 shows a complete set of curves of a tube, which by 
reason of its constancy in action, its characteristics as medium 
plate-potential amplifier, may be considered a representative 
tvpe of the vacuum tube. This tube was built for transmitting 
and amplifying purposes only, and as such has given excellent 
results. It is the “British B" tube, or Moorhead Type C. 
These excellent amplifying characteristics were secured by using 
a 22-turn grid. Comparing with that tube the tube known as 
“British R” and its duplicate the SE-1444,"7 we find that by 
changing the grid from 22 turns to 11 turns, keeping the other 
elements of the same size, we get a tube which is a fair amplifier 
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and also а, fair detector. The characteristic curves of this type 
tube are given in Figure 2. The tests of the above tubes, to- 
'gether with series of tests carried out on tubes of various dimen- 
sions, bring out the fact that to secure best results in the action 
of a tube as amplifier a certain location of the grid is required, 
but that, at the same time, this location of the grid is very un- 
favorable for detector action. 


FIGURE 28 


The question arises, which conditions must. be fulfilled to 
produce a good detector, and which disposition of elements of 
the tube is necessary to make the tube a good amplifier. The 
requirements of a tube as a detector are low internal resistance 
and that this resistance shall change suddenly, that is, within 
very narrow limits of grid potential variation. The amplification 
characteristic of a tube depending on the ratio of the change in 
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plate potential to the corresponding change in grid potential, 
the maximum action will be obtained when for a given change 
of the grid potential the increase in plate potential required to 
maintain the same current will be a maximum. 

Thus we find that in a detector the resistance must drop sud- 
denly, for a small change in grid potential, from a maximum to 
a minimum; whereas in an amplifier a small change in grid po- 
tential should tend to increase the resistance to a maximum. 
This represents the fundamental difference between the two 
classes of tubes, and conclusively confirms the statement made 
by the authors at the beginning of this paper. 

Figure 29 gives 4 sets of curves of tubes built specially for 
determining the action of tubes as detectors and amplifiers. 
The plates and the filaments of these tubes were made as nearly 
as possible alike, but the grids were varied; the dimensions 
chosen were approximately the maximum and minimum con- 
sidering the diameter of the plate. The exact dimensions and 
the number of turns of the grid are given in the figure; the 
standard length of filament and plate, and also the standard 
pitch of grid windings, were maintained for all four tubes. The 
results obtained confirmed the theory in every respect. 

Inspection of the curves will immediately show that the tubes 
having 22-turn grids were good amplifiers but poor detectors; 
the rise of the curves is gradual and the radius of curvature at 
the knee of the curve, or in the region of operating grid potentials, 
is comparatively large—on the whole, both tubes proving of 
inferior value as detectors. Further comparison will show that 
of the tubes (numbers 13 and 17) number 17 is a better detector 
than the 13; on the other hand, tube 13 is by far the better 
amplifier. In other words, the farther the grid is from the fila- 
ment, and the closer the grid is to the plate, the better are the 
amplifying qualities of the tube. Referring to the sketch of 
arrangement of elements in the tube, we may state that for the 


same number of turns in the grid the smaller is the ratio of 5 


the better is the amplification; thus, increasing this ratio will 
tend to bring out detector qualities at the expense of amplifica- 
tion. This statement holds equally well for the tubes 14 
and 15, which are duplicates of 13 and 17 respectively, ex- 
cept for the number of grid turns, which in this case was 11 in- 
stead of 22. 

Comparing now in pairs tubes 14 and 13, and 15 and 17, we 
will note that the larger the number of turns in the grid, the 
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higher the resistance, the better the amplification quality, and 
conversely. 

Picking out of the four tubes the best detector, or tube 15, 
we find that this tube has the grid of small diameter and small 
number of turns, or is the opposite extreme of tube 13, which is 
the best amplifier. 


FIGURE 29 


Further examination of the tube will reveal an interesting 
fact, namely that the curves of tubes 13 and 14, or the tubes with 
grids of larger diameter, do not show saturation within the limits 
of tests, while the tubes with grids of small diameter, numbers 
15 and 17, indicate rather low saturation. 

These and many other tests, in the authors’ opinion, have 
proven conclusively that to obtain the best results in the use of 
tubes in radio, or any other work, at least two different tvpes of 
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tubes should be employed, selecting proper tubes designed for 
the purposes intended. 

The mathematical formulas expressing the laws of action of 
tubes, as given to date, do not exactly explain the action, giving 
one or more constants in their general expression, which constants 
as indicated by the experiments, are not constants at all, but are 
variable functions of geometrical dimensions of the tube elements. 


SUMMARY: A number of types of Moorhead tubes are described, together 
with the mode of testing them and the specifications to be met. 

The tubes obtained are classified as detectors or amplifiers, which types 
the authors regard as separate and generally non-inclusive. 

The effects of small variations of a number of the tube dimensions are 
exhaustively studied, and conclusions are drawn as to the effect of varying 
the various tube dimensions. 
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THE CATHODE-RAY OSCILLOGRAPH AND ITS 
.APPLICATION IN RADIO WORK* 


Bv 
Lewis M. HULL 


(ASSOCIATE PHYSICIST, UNITED STATES BUREAU OF STANDARDS, 
WASHINGTON, D. C.). 


The present article is not written with the intention of de- 
scribing any novel developments in cathode-ray oscillographs 
or their use, but as a description of the present status of oscillo- 
graphic practice with special emphasis upon the immense use- 
fulness of the cathode-ray oscillograph in radio research. The 
work of the Bureau of Standards on this device is described. 
A bibliography of articles and books with the cathode-ray tube 
and its applications has been compiled, which is believed to be 
complete to 1920. Copies of this bibliography can be obtained 
from the Bureau of Standards, Washington, D. C. 


ESSENTIALS OF AN OSCILLOGRAPH TUBE AND PRINCIPLES 
OF DESIGN 


A cathode-ray oscillograph has five essential parts in addition 
to the glass containing bulb:—(1) a source of electrons which 
may be either a metal surface subjected to ionic bombardment 
or a body heated to incandescence; (2) a steady uni-directional 
potential difference—the accelerating voltage—for giving the 
electron stream a definite velocity in a straight line; (3) a filtering 
diafram for the purpose of forming the electron stream into 
a small beam or pointer; the action of the diafram may be sup- 
plemented or improved by the use of a magnetic concentrating 
field; (4) suitable plates and coils, for impressing upon the beam 
the electrostatic and magnetic fields, the behavior of which is 
to be studied; (5) a fluorescent screen for indicating visually the 
position of the beam. The sercen may be coated with any of 
a number of compounds which fluoresce under clectronic bom- 
bardment. Willemite (ZneSi O,) and calcium tungstate (Ca W О,) 

* Published by permission of the Director of the Bureau of Standards. 
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have been found to Ee particularly suitable. Calcium tungstate 
glows with a bright blue color under the action of cathode rays, 
and the traces produced upon such a screen are particularly 
actinic and suitable for photography. The fluorescent spot 
formed by the cathode-ray pointer on willemite is greenish yel- 
low, and better suited for visual observation. 

Cathode-ray tubes may be divided into two general classes, 
according to the nature of the cathode, namely, hot-cathode and 
cold-cathode or Braun tubes. The general principles of design 
hold for all such apparatus, regardless of the methods employed 
in obtaining the stream of cathode particles. Approximate 
expressions relating the sensitivity of the tube, or the deflection 
per unit of intensity of the deflecting field with the geometrical 
constants of the tube and the accelerating voltage, can be readily 
deduced. Consider Figure 1, a diagrammatic sketch of the 
essential parts of a tube as they are arranged in practice. The 
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FIGURE 1 


steady accelerating voltage Eo (which may, in a cold-cathode 
tube, be also the exciting voltage altho the two functions of this 
potential difference are separate and independent) acts between 
the anode and the source. In practice the anode is grounded, 
and the space between anode and screen is maintained at ground 
potential, so that the mean velocity of the electrons in the direc- 
tion of the screen is constant. 

Let х be the horizontal co-ordinate parallel with the direction 
of propagation of the undeviated electrons; let y be the co- 
ordinate perpendicular to x and measured in the direction of the 
electrostatic field and perpendicular to the electromagnetic field. 
Let a be the length of the deflecting field, measured along х; 
E and H the intensities of the electrostatic and magnetic 
fields, assumed constant for a distance a; 1, the distance from the 
deflecting field to the screen, and de, dm the displacement of the 
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fluorescent spot on the screen resulting from the action of the 
electrostatic and the electromagnetic fields, respectively. Then 
if ro be the constant velocity imparted to the electrons by the 
accelerating voltage Eo, e the charge on an electron, and m its 
mass at relatively low velocities, we have the voltage sensitivity 
of the tube: 


f= 2 T cm. per volt. 


For the deflection in centimeters due to an impressed electro- 
magnetic field of strength H we have: 


_ Hal е 
№2 Eo m 


These expressions are both based on the assumption that re 
is constant and that the kinetic energy of motion of the electrons 
is equal to the energy acquired in the potential drop Es. This 
assumption may be a rash one, if there is a considerable amount 
of ionizable gas left in the tube. 

The magnetic field, H is such a complicated function of the 
number of turns in the deflecting coils, current in the coils, their 
size, shape, and spacing, that one cannot define a constant 
analogous to & for current sensitivity without such approxima- 
tions as to make its applications to design calculations extremely 
limited. Chaffee has stated that with rectangular coils the 
distance apart of which is 4/2 times the spacing between their 
planes, the field between the coils is nearly uniform thruout their 
length. In any case the current sensitivity is increased bv 
increasing the number of turns and the length of the coils. The 
merit of the tube can be indicated by its voltage sensitivity. 

While these two formulas are not entirely rigorous they show 
that the sensitivity of a given tube for electrostatic and for 
magnetic deflections inereases with the distance over which the 
deflecting field is applied, the distance between deflecting field 
and screen, and decreases with increasing value of the accelerating 
voltage. 

The brightness of the fluorescent spot depends upon the 
number of electrons striking it and upon their velocity, the 
latter, as we have seen, being directly proportional to the square 
root of the accelerating voltage, Eo. Thus the general problem 
of design is a compromise between intensity of the fluorescent 
spot and the sensitivity. Constructional difficulties limit the in- 
crease 1n sensitivity which may be attained by increasing /; more- 
over, in cold cathode tubes there is necessarily left in the tube 
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enough of ionizable gas to cause the velocity of the electrons to be 
sensibly diminished as l is increased. Thus, if the purpose for 
which the tube is to be used determines a maximum value of 
sensitivity, that is, a maximum value for Eo, then the proper 
brightness of the fluorescent spot must be attained by increasing 
the only other factor at our disposal, namely, the emission of 
electrons from the cathode. In a cold cathode tube the 
emission depends, for a given gas pressure, upon the excit- 
ing voltage. But unless the tube is complicated by the ad- 
dition of an auxiliary anode, the exciting voltage and the 
accelerating voltage are identical and the emission cannot be 
be increased without increasing the velocity and decreasing the 
sensitivity. Thus the construction and use of a cold-cathode 
tube, the exciting voltage and accelerating voltages of which 
are the same, is chiefly a matter of experimental manipulation, 
and very little can be predicted theoretically. The pressure 
of the residual gas in the tube is an additional important factor. 
Enough gas must be present to allow the conduction of the 
exciting current to the anode, but the pressure must be sufficiently 
low to allow the electrons to pass down the tube without exces- 
sive hindrance. Hence, for a given value of the accelerating 
voltage, dictated by the requirements as to sensitivity, and 
necessarily determining the exciting voltage, there is a definite 
optimum value of pressure, for maximum intensity of the fluores- 
cent spot. 

The advantage of a tube having a cathode which emits 
electrons spontaneously is obvious in the light of the foregoing 
discussion. No exciting voltage is necessary. The rate of 
emission of electrons depends neither upon the accelerating 
voltage nor upon the gas pressure. The tube can be exhausted 
to the lowest possible degree, and the brightness of the spot can 
be controlled by controlling the temperature of the cathode, the 
magnitude of the accelerating voltage being determined entirely 
by the requirements of sensitivity. Thus from the standpoint 
of design and operation, tubes having а Wehnelt cathode would 
seem to be the ideal type. However, constructional difficulties 
involved in the manufacture of hot-cathode tubes are very 
great. The pressure in an enclosure of several liters capacity 
must be so low as to allow the electrons when accelerated by 
only a few hundred volts to travel from 20 to 50 centimeters 
(8 to 20 inches) in an undeviated path, and must be maintained 
over long periods of operation. 
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CONSTRUCTION OF COLD-CATHODE TUBES 

The difficulties encountered in the construction and opera- 
tion of two types of tubes are widely divergent and will be dis- 
cussed separately. 

In a cold-cathode tube the pressure, as has been mentioned, 
is a critical factor in determining the intensity of the cathode 
beam, and, to some extent, the sensitivity of the tube; hence, it 
is natural that the vacuum characteristics of the enclosed space 
should be very important in the construction of the tube. Cer- 
tain other operational difficulties which were encountered by 
early investigators have, with the use of improved source of 
exciting voltage, become less irritating. Zenneck, Roschansky, 
and Varley who were compelled to use influence machines, were 
so troubled by electrostatic effects near the cathode and in the 
vicinity of the screen, both the building up of charges where 
none were desired, and the leakage of charge between points 
connected to the terminals of the exciter, that elaborate methods 
were used in attempts to obtain steady operation. It was found 
that positive charges collected on the glass near the cathode, 
causing discharges from the cathode to the glass and increasing 
the tendenev for flash-overs in the tube. Zenneck and Ros- 
chansky made the cathodes of various peculiar shapes to mini- 
mize these effects, while Minton has stated that the presence 
of a film of absorbed gas around the cathode, while disadvan- 
tageous from the standpoint of maintenance of vacuum, tends 
to prevent the glass from being charged. This difficulty has been 
reduced to a minimum in later experiments, with steady sources 
of high direct voltage, a ground connection upon the anode and 
upon a tinfoil sheet or wire around the tube in the vicinity of 
the screen being sufficient to stabilize the conditions of discharge 
and electron flow down the tube. 

In general it is observed that in cold-cathode tubes in which 
the vaeuum is permanent, the pressure decreases with use. 
Rankin has shown that the hardening of such a tube with use is 
accentuated by the use of а strong magnetic concentrating field. 
On the other hand, tubes which are exhausted without certain 
precautions which insure the increase of vacuum after sealing off, 
soften with use, sometimes quite rapidly. There is no middle 
ground; it appears to be impossible so to exhaust a cold-cathode 
tube that the vacuum will remain constant thruout long periods 
of operation. In view of the fact that the vacuum cannot be 
increased by external means, the lesser evil is to exhaust the tube 
by such means as to produce an increasing vacuum, and to in- 
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clude a regulator tube of palladium or platinum in order to 
introduce minute quantities of air when the vacuum tends to 
increase. It has been demonstrated by Minton in conclusive 
experiments that the softening of a tube with use is due to the 
adsorption of a thin film of air over the surface of the glass and 
of the electrodes. Even if the tube be exhausted to less than a 
micron, that is, 0.001 mm. of mercury (the normal operating 
pressure is 3 to 10 microns) at atmospheric temperature, the 
passage of the discharge for only a few moments will release 
enough of this adsorbed film to raise the pressure above the best 
operating value. Hence it is essential that enough of the film 
be driven off during exhaustion that the pressure will not rise 
noticeably with use. This may be accomplished by heating the 
whole tube to a temperature just below the collapsing point of 
the glass and by operating the tube vigorously thruout the ex- 
haust process. Without the heating during exhaustion, the air 
film invariably remains in the tube and causes trouble later. 
This process should not be confused with the heating of the 
electrodes to incandescence, which is done in an electron tube 
during exhaustion, and which is for the purpose of freeing the 
electrodes of absorbed gases. The electrodes in a cathode-ray 
tube are never subjected to high temperatures during use, and 
hence there 15 very slight possibility of the liberation of absorbed 
gases from them. 

The cold-cathode tubes constructed at the Bureau of Stand- 
ards are of the type shown in the diagrammatic sketch, Figure 2. 
A polished concave aluminum cathode is used, with radius of 
curvature somewhat less than the distance to the screen. The 
diafram and anode are combined in one piece and made of brass. 
A single aperture 0.025 cm. (0.01 inch) in diameter is used, the 
plece being built in two parts with a shielded opening around 
the outside edge, in order to allow the free passage of gas back 
and forth during exhaustion. Thin brass plates 8 em. (3.4 inches) 
long, for electrostatic deflections were sealed into one tube. It 
was eventually found desirable, however, to facilitate exhaustion 
by reducing the amount of metal in the enclosure to a minimum. 
The gain in sensitivity resulting from a closer spacing Ъе- 
tween the plates does not justify their enclosure in the tube 
unless the tube be constructed for some special purpose. Screens 
of soda glass formed into circular plates were used instead of 
mica. The powdered calcium tungstate was sifted upon the 
surface which had previously been coated with china painters’ 
varnish and the whole was heated until the powder became 


135 


imbedded in the glass. The substitution of glass for mica is an 
expedient of doubtful advantage because the glass is much 
heavier and must be wired in place thru holes around the edge, 
to supporting posts which have previously been sealed inside 
the containing bulb. The drilling process usually starts minute 
cracks which speedily ruin the plate when it is heated, regard- 
less of the care used in handling. The tubes proper were con- 
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structed of soft soda glass, which could be readily worked, and 
which has been found by Minton to be less conducive to adsorp- 
tion of air than lead glass. The several parts of these tubes 
(fluorescent screens, aluminum cathodes, and brass anodes) were 
designed and constructed by the General Electric Company, 
and were purchased from the Pittsfield research laboratory of 
that Company. 

A Langmuir condensation pump in cascade with an oil- 
sealed rotary pump was used in the exhaustion. During ex- 
haustion the tubes were kept at a temperature of 350° to 400° Cen- 
tigrade in a specially constructed electric oven, and a heavy 
discharge was maintained between the anode and cathode. 
The chief reason for maintaining this discharge at known vol- 
tages was to indicate the condition of the vacuum. The assist- 
ance rendered by the discharge in reducing the vacuum is prac- 
tically negligible, as Minton has found that in tubes exhausted 
while the discharge is maintained without heating, the vacuum 
invariably softens with use. 
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The electric oven used is made of galvanized iron and lined 
with quarter-inch asbestos board. It encloses a space four feet 
(1.2 m.) long by one foot (0.31 m.) square, which is maintained 
at a temperature of 400° Centigrade by twelve coils of ''ni- 
chrome’’ wire so connected as to dissipate about 4 kilowatts 
at 110 volts. : 

The exhaustion of the tubes in this oven is rather a slow 
and laborious process owing to their large volume and to the 
large amount of enclosed metal. The high voltage discharge 
gives a sufficient indication of the progress and condition of the 
vacuum. Usually the exhaustion is far from complete when 
the Crookes dark space expands and evidence of cathode rays 
first appear. For a given exciting and accelerating voltage a 
definite optimum pressure is reached, as judged by the intensity 
of the fluorescent spot. This occurs when the positive column 
extends out from the cathode over a distance of from 0.5 to about 
3 centimeters (0.2 to 1.2 inch). It is well to operate the tube 
heavily at this pressure before separating it from the pump. 


EXCITATION OF CoLp-CATHODE TUBES 


By no means the least of the disadvantages of a cold-cathode 
tube employing the excitation method of obtaining electrons 
is the high direct voltage required. A voltage of 5,000 is the 
extreme minimum which has been found could be used in prac- 
tice with a soft tube. If the gas pressure be high enough or 
higher than enough to allow an exciting voltage of 5,000 to pro- 
duce a reasonably dense electron stream, there is danger of 
flash-overs, and the whole tube glows with ionized gas to such 
an extent as to make photography difficult. It has been found in 
practice that 10,000 to 20,000 volts are good compromise values. 
An exciting voltage of 10,000 together with the optimum degree 
of vacuum will provide enough electrons to produce a bright 
spot on the screen; the pressure for best production and propaga- 
tion of electrons is such that the positive column is onlv a few 
centimeters long and the Geissler effects in the tube are not 
particularly brilliant. This value of accelerating voltage gives 
a theoretical voltage sensitivity of 0.011 сш. per volt in a 35- 
centimeter (13.6 inch) tube with 10 cm. (3.9 inches) deflecting 
plates spaced 1.5 em. (0.59 inch) apart. 

Few laboratories are equipped with storage cells enough to 
supply 10,000 volts, which would be the ideal source of supply, 
and other methods must be employed. Following the example 
of the early investigators, Ryan, Fleming, Dufour, and others 
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Lave aia] the use of иле menties. In the first 
pam. the oniy presitie advantage attached to the use of an 
influence machine is the fact that the ve cages sicoued may be 
a> high а> 100.009 voit-. and extremety hard tutes can re exerted. 
If one wi-he- to measure dielectne power сеч at bizh voltage 
И is nece--arv to use a hard tube of low sez-:vitv. and соп- 
sequentiv the high exaating voltages are necessary. For ordinary 
cecillograph work. in which tubes of high sensitivity are required, 
it 15 essential that the accelerating voitage be kept low. and the 
electrostatic effects about the cathode. leakage. and general 
erratic behavior of an influence machine make it quite unsuitable. 
Moreover. after the shielding and drving precautions. already 
mentioned are taken. a Wimshurst machine of sufficient number 
of plates and careful enough design to supply the necessary 
50 to 500 micro-amperes without exceedingly vexatious and 
troublesome variations in the terminal voltage is about as un- 
common as a 10.000-volt storage battery. 

Minton has successfully used a mechanical rectifier with 
high-voltage alternating currents. It has been found at the 
Bureau of Standards that electron tubes are the ideal rectifiers 
for this purpose. Excellent two-electrode rectifving tubes 
(*kenotrons'') are manufactured in this country by the General 
Electric Company, and the circuit shown in Figure 3 has been 
used as an exciting circuit. This svstem was first described bv 
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2 ~Nenotron Rectifier 


FIGURE 3 


A. W. Hull (“Physical Review,’’ March, 1916, page 405). А 
110-30,000 volt transformer with a lead-in to the middle of the 
secondary winding is used at T. C is 0.04 af. апа L an iron- 
core choke coil of about 5 henrys inductance. The apparatus 
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сап be mounted оп a suitable panel with separate transformers 
for the high-voltage supply and filament supply, forming a 
portable high voltage d. e. source which can be operated from 
60-cycle mains. The power that can be taken from the rectifier, 
which is not of much importance in a cathode-ray tube, is limited 
only by the size of the kentrons used. 


CONSTRUCTION OF HotT-CaTHODE TUBES 


Altho, as has been stated, the idea of utilizing a heated 
cathode as a source of electrons, thus making the supply inde- 
pendent of the accelerating voltage and easily controllable, was 
first conceived some time ago, the applications of this principle 
have been very limited. The difficulties are not in the concep- 
tion nor in the theory, but in the construction, and so this 
discussion will be concerned chiefly with constructional details. 

In a tube having an independently controllable source of 
electrons, it is not desirable to reduce the pressure to a certain 
optimum point of a few microns and then maintain it there, 
but to keep it at the lowest possible point all the time, since the 
electron flow is never assisted but always hindered by the pres- 
sure of gas. This was realized by Crooker who was compelled 
to keep his tube on the vacuum pump continually during his 
investigations. Perhaps the most successful work done in this 
country with hot-cathode tubes has been performed at Harvard 
University by Dr. Chaffee, Mr. R. F. Field, and their associates. 
They utilized tubes already manufactured by Muller-Uri, 
cutting off the constricted portion of the tube containing the 
platinum and aluminum electrodes, and utilizing the light, 
excellently coated and mounted fluorescent screens which are 
the chief merit of these German tubes. They used an anode 
made in the form of a ring, of diameter just small enough to go 
into the tube, and no filtering diafram- whatever, depending 
entirely upon concentrating coils having a large number of 
ampere-turns to focus or concentrate the electron stream. The 
cathode is a thin strip of platinum, perhaps a millimeter (0.04 
inch) wide, having a deposit of Wehnelt oxides about the size 
of the head of a pin deposited on the surface, the idea being to 
limit the emitting surface and depend upon focussing, rather 
than to provide a large supply of electrons and filter out the 
excess with a diafram with the possibility of increasing their 
concentration in the indicating ray. Being rather small, these 
tubes are comparatively easy to exhaust, and a fine sharp point 
is obtained on the fluorescent screen. 
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The fir-t experiments along this line at the Bureau of Sazi 
ards were performed with an experimental tube of smali diane. 
which could not have been used for oscillographie prec. 
This tube was quite long. but the volume was small. 1n order ie 
allow its rapid exhaustion. It was kept on the pump coon 
tinuously and was so constructed as to expedite the removal of 
the cathode, in order to test different substances. The arose 
and diafram were separate. the anode being a thin nrg of +27 
iron. and the diafram being also on an iron frame. The arcade 
was connected to the sealed-in contact with a spiral of fine wire. 
the plan being to move the anode and diafram back ard forth 
with a magnet after exhaustion of the tube. and determine. їп 
connection with two concentrating coils of 250 turns each. 
placed around the tube, the optimum distance from screen and 
anode to diafram. 

Tungsten and oxide-coated platinum cathodes of various 
forms were tried in this tube. the best {уре being a W-shaped 
platinum filament coated with barium and calcium oxides. 
Such a filament could be lighted to full brillianev by a single lead 
eell. Tungsten filaments without an oxide coating have been 
used extensively by Coolidge in Rontgen-ray tubes. and Samson 
has decided that such filaments are useful in oscillograph tubes. 
However. it has been found that oxide-coated filaments give a 
much more bountiful supply of electrons, with less light. owing 
to the low filament temperature. As far as the vacuum charac- 
teristics are concerned, it 1s found that filaments coated with 
the composition used so successfully by the Western Electric 
Company in their electron tubes do not emit gases to a trouble- 
some extent. Numerous experiments with varving distances 
between the electrodes. values of accelerating voltage, and con- 
figurations of the concentrating fields were very interesting. 
The best pressure for such work 1s considerably greater than the 
pressure maintained permanently in a tube. If there be gas 
enough present so that the electron stream ionizes the air on 
passing thru, the presence of the beam can be detected as a 
luminous blue streak, and can be much more easily. focussed 
and adjusted. The effects of the concentrating coils can be 
seen at a glance. The bundle of “ravs’’ emanating from the 
filament cathode and made visible by the ionized air can be 
formed into beautiful spiral figures by the action of the focussing 
coils. It was found, in general, that a concentrating field when 
used to best advantage is close to the diafram, and remote from 
the cathode. Apparently an ideal field for this purpose is one 
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in which the lines of force are rectilinear and accurately parallel 
with the axle of the tube. If the lines of magnetic force are not 
parallel with the axis of the tube, the resultant force upon the 
moving electron due to its velocity and to the perpendicular 
component caused by the magnetic field will deflect its spiral 
path away from the axis of the tube as an axis of rotation and will 
cause the lines on the screen to depart from proportionality with 
the transverse fields. 

The convolutions of the spiral path of the electron stream 
grow narrower as the field strength is increased. It seems 
to make little difference in the intensity of the spot whether the 
field is applied before the electrons encounter the diafram, 
directing the concentrated beam at the aperture in the diafram 
or after the small bundle of rays leaves the diafram. 

The use of two focussing coils is superior to the use of one 
only in the matter of ease of adjustment. The same intensity 
and brightness of the indicating spot can be obtained eventually 
with one, as with two. It was found, moreover, that for a given 
accelerating voltage, the spacing between anode and diafram 
seemed to make no particular difference. An arrangement of 
concentrating coils for maximum brightness could be found for 
almost any position and spacing of the electrodes. It was 
finally decided that the simplest possible arrangement was quite 
adequate, that is, the use of one concentrating coil of about 500 
ampere-turns, and a single electrode as diafram and anode, as in 
the cold cathode tubes. No special advantage was discovered 
in the experimental tube by having the anode and diafram 
separate. The following are the dimensions of a completed 
tube: screen to anode-diafram, 38 cm. (14.8 in.); anode-diafram 
to cathode, 11.4 em. (4.44 in.); tube 3.2 cm. (1.25 in.) and 
13 cm. (5.1 in.) in diameter; cathode about 0.6 cm. (0.23 in.) by 
0.6 cm. (0.23 in.). A diagrammatic sketch of this tube is shown 
in Figure 2. The aperture in the diafram is only 0.027 cm. 
(0.01 in.) in diameter, and with the concentrating coil in the most 
favorable position a sharp spot about one millimeter (0.04 in.) 
in diameter is seen upon the screen. When used with an acceler- 
ating voltage of 500 volts a voltage sensitivity of about 0.25 cm. 
per volt has been obtained with this tube. 


APPLICATIONS TO RADIO RESEARCH 


The cathode ray oscillograph has been used in the radio 
laboratory of the Bureau of Standards in general testing work 
and also as an almost indispensable aid to research on radio 
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frequency phenomena. It is employed for three different pur- 
poses: (1) to trace radio frequency current and voltage wave 
forms; (2) to trace the volt-ampere characteristics of a given 
device or network; (3) to svnchronize radio frequency. circuits. 

The oscillograph cannot be used to trace voltage and current 
wave forms without apparatus accessory to that which is being 
investigated, since a time axis is always required. That ts. if 
the voltage or current deflection is vertical, means for deflecting 
the spot horizontally at some lower frequency are necessary. 
in order that the curve be developed along an axis upon which 
the displacement is proportional to time or to some known 
function of time. Moreover, the vibration producing the time 
deflection must be accurately synchronized with the current or 
voltage oscillations, because the end of the cathode beam im- 
pinging on the screen may be traveling with a velocity of thou- 
sands of meters per second, and it must traverse exactly the 
same path in order to cause the screen to fluoresce. This 
synchronization of the time deflection with the current or voltage 
deflection is frequently а difficult matter. particularly where 
apparatus is under the test of which the behavior must not be 
altered by the influence of the measuring devices. When put 
to the uses (2) and (3) mentioned above, there is no such difficulty 
of synchronization, but careful design of the deflecting coils 
and plates is necessary in order to produce sufficient deflections 
without changing the constants of the device or network which 
is being investigated. 

In Figures 4 and 5 are shown oscillograms taken as part of 
a test of a quenched spark set of unique construction submitted 
to the Bureau of Standards for test. The first five pictures show 
volt-ampere characteristics of the quenched gap when operating 
under different adjustments at a frequency of 500,000 (600 
meters). Voltage across the closed circuit capacity is traced 
horizontally and current thru the closed oscillatory circuit is 
traced. vertically, producing a fair approximation of a highly 
damped logarithmic spiral under best operating conditions. In 
the remaining six figures are shown current wave forms in the 
antenna circuit at 600 meters, for various adjustments of coupling 
and capacity in the closed circuit. The time axis is obtained 
in all cases by connecting the voltage deflecting plates across 
the primary condenser. The variation in voltage which develops 
the radio frequency wave train is not the 500-cycle supply 
voltage, but the rapid voltage rise as the condenser is charged, 
which takes place several times at the peak of the audio frequency 
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Ficure 5 
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cycle, and which correspond roughly to a frequency of 10,000 
per second. It is true that these curves do not have the neat 
and clear-cut appearance of similar cathode ray photographs 
that have been published from time to time. It should be under- 
stood, however, that they are given as an indication of what can 
be done with a cathode ray tube as an aid to routine testing of 
spark apparatus which is admittedly erratic and uncertain in 
its behavior. It is not intended to portray the regular and con- 
sistent behavior of a well-designed spark set, but to show the 
possibilities in investigating faulty spark transmitters. 

In Figure 6 are shown the envelopes of the antenna current 
of an electron tube transmitting set with alternating-current 
plate supply voltage, designed at the Bureau of Standards. 
The horizontal deflection is caused by the 500-cycle plate supply 
voltage, 1s sinusoidal and hence does not spread out the 300,000- 
cycle antenna current sufficiently to show the separate oscilla- 
tions. All that was desired in this case was an indication of the 
antenna current envelope, which could not have been obtained 
by any other oscillograph without the use of a rectifier. 


FIGURE 6 


In Figure 7 are shown plate-current, grid-voltage character- 
istics of a lower power electron tube generator supplying about 
3 watts output at wave lengths of 500 to 2,500 meters in an 
inductively coupled circuit. These diagrams were made some 
time ago, with a cold-cathode tube, and the figures were not 
sufficiently intense to be photographed. They were sketched on 
co-ordinate paper to correspond to co-ordinates ruled on the 
fluorescent screen. Cold-cathode tubes are, as а rule, too insen- 
sitive to obtain good volt-ampere characteristics of electron 
tubes, particularly when the space currents are involved. The 
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plate and grid currents, being usually less than 0.05 ampere 
in amplitude, require deflecting coils of such magnitude as to 
affect and alter materially the characteristics of the output cir- 
cuit. This is shown in these diagrams. The figures obtained 
at the longer wave lengths agree closely with the low frequency 
and static characteristics of the tube. However, as the fre- 
quency is increased, the reactance of the series deflecting coils 
in the plate circuit becomes comparable with the effective resis- 
tance of the output circuit and the plate current lags behind 
the grid voltage. 
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FIGURE 7 


This may be complicated in practice by another effect, the 
results of which do not appear here, namely the distortion of 
the plate-current wave from its normal form as the deflecting 
coils become resonant to, and tend to choke out the ‘various 
harmonics. In all generating circuits the load on the tube is 
a parallel resonance load, with the result that the harmonics 
of current from the tube due to saturation and rectification 
effect flow from the tube into the output system practically 
unchanged, maintaining a highly flattened and distorted wave 
form of space current, while the harmonics of voltage are choked 
out in the output system. Where a series reactance in the form 
of a deflecting coil is inserted in the circuit, its impedance to 
frequencies as high as the 5th harmonic of the radio frequency 
fundamental may be large compared with the 3,000 to 10,000- 
ohm tube resistance with the result that the normal operation 
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of the system is altered by the elimination of the current һаг- 
monics. 

At the present stage of development of the oscillograph it 
is impossible to obtain radio frequency detector and amplifier 
characteristics, since the operating range of such devices involves 
millivolts and microamperes, associated with high impedances. 
The only known method of determining dynamically the be- 
havior of small tubes is by the use at audio frequencies of an 
Einthoven, or some other form of vibration galvanometer. 

In Figure 8 are shown some current wave forms of an electron 
tube generator operating at about 3,000 meters. The strong 


` FIGURE 8 


harmonics in the space of the lower diagram of Figure 7 and 
the apparent absence of harmonics in the circulating output 
current are plainly evident (shown in Figure 8). 

Deflections along the horizontal axis in these photographs 
are proportional to the sine of time, being produced by the 
alternating voltage across the condenser of a separate generating 
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circuit which was tuned exactly to a lower frequency, а sub- 
multiple of the 500,000-cvcle current, the wave form of which 
is being traced. Thus the figures are merely Lissajous figures 
in which the higher frequency is distorted by harmonics and is an 
integral multiple of the lower frequency. It is easy to trace 
from these photographs, by measuring properly spaced ordinates, 
the true current-time curves. 

Beautiful and intricate Lissajous designs can be formed with 
two electron tube generating circuits and any cathode-ray tube 
in which the spot is bright and sharp. The ease with which the 
fundamental frequencies of such circuits can be continuously 
varied makes their use in this connection a fascinating as well as a 
profitable study. It has hitherto been considered possible to 
syntonize circuits only by resonance methods. This can be done 
with considerable accuracy using continuous waves, since meas- | 
uring circuits of extremely low resistance can be employed. 
But the best accuracy which has been attained in comparing 
standard circuits at 600 meters, for example—is about 0.2 
per cent., which means a discrepancy in frequencies of 500 
cycles per second. It has even been a matter of conjecture 
whether electron-tube generators would maintain greater con- 
stancy of frequency than this from one minute to the next: - 
Using'the cathode-ray tube, however, it is possible to synchronize 
generating circuits to an accuracy of a small fraction of a cycle 
per second out of 500,000. In Figure 9 are shown copies of 
photographs of the figures obtained at random tuning two cir- 
cuits to various frequency ratios. Deflections from the sinu- 
soidal output current in one circuit are impressed against the 
equally sinusoidal output voltage from another circuit. Of 
course it is necessary to take elaborate precautions of grounding 
and shielding the coils and condensers from each other and from 
surrounding objects in order to attain nearly perfect svntoni- 
zation. Even then the final adjustments can be readily made 
by changing the position of the operator's hand with respect 
to any ungrounded terminals, or about the generating tube 
itself, if the latter be left unshielded. A slight detuning of one 
of the circuits causes an apparent rotation of the figure about an 
axis in the plane of the photograph and parallel to the axis along 
which deflection at the lower of the two frequencies is taking 
place. One revolution of the figure per second corresponds to 
a frequency difference of one cycle; extremely careful shielding 
of the circuits from each other is necessary to prevent their 
pulling into synchronism and phase. 


147 


Such experiments are of interest in showing the constancy 
with which an electron tube oscillator will maintain a given 
radio frequency. If storage batteries be used to heat the fila- 
ments and to supply the plate circuits, and the tubes be allowed 
to operate for some time in order to become stabilized, the 
shielded circuits can be adjusted to a given ratio of frequency 


FIGURE 9 


and left for minutes at a time without deviating as much as one 
cycle per second from these frequencies. 

It becomes immediately apparent that radio frequency 
measurements which are performed by resonance methods can 
be performed with greater refinement by the use of an oscillo- 
graph for comparing frequencies. Consider the measurement 
of the distributed capacity of coils at radio frequencies. When 
using fixed inductance and fixed capacity in one circuit, with а 
standard variable condenser in the other, it was found that if the 
frequency of the variable circuit be increased from one ratio to 
another the capacity does not increase as the square of these 
ratios. For example, if the fixed circuit oscillates at а frequency 
n and if the variable circuit be tuned with a capacity C to a 
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frequency n, the capacity for frequency 2n is slightly less than 
4C, the capacity for frequency 37 is less than 9 C, and so on. 
These discrepancies are due to the distributed capacity of the 
induetance in the variable circuit, and from two settings of the 
condenser the absolute value of this extremely small capacity 
can be calculated with greater accuracy than is possible by 
ordinary methods employing a wavemeter, using well-known 
formulas. (“Circular of the Bureau of Standards," number 
74, page 101.) 

The usefulness of the cathode-ray oscillograph in radio 
measurements is chiefly qualitative. Except when it is em- 
ployed as an aid to frequency comparison between two circuits, 
precision measurements cannot be made, as the deflections can 
not be accurately measured when photographed. It is as an 
aid to research, permitting visual observations of phenomena 
hitherto unseen and furnishing qualitative data for new ideas 
and new theories, that the cathode-ray oscillograph performs a 
service that can be achieved by no other device. 


Washington, D. C., February 20, 1920. 


SUMMARY: The general construction and details of the design of cathode 
ray tubes are given. The brightness of the spot obtained, the sensitivity of 
the tube, and its behavior in use are described. The various excitation 
sources available are compared. А number of applications of such tubes 
to radio research (for example, spark gap characteristics, and associate syn- 
chronizing of oscillating triodes) are described. 
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FREQUENCIES AND DAMPING FACTORS OF COUPLED 
CIRCUITS* 


By 
LOUIS COHEN, PH.D. 


(CONSULTING ENGINEER, WASHINGTON, DISTRICT OF COLUMBIA) 


In nearly all of the many investigations of the subject of 
coupled circuits, the discussions were largely limited to the 
evaluation of the frequency constants and in some cases the deter- 
mination of the current amplitudes; also only magnetic coupling 
was generally considered. The matter of damping factors was 
generally ignored, and the reason for it is the mathematical 
complications introduced in any attempt to obtain the complete 
solution of coupled circuits. 

In the study, however, of oscillatory currents it is frequently 
of great. importance to have some knowledge of the damping 
factors; it may be very helpful in investigations relating to 
oscillatory currents due to local disturbances or static effects. 

In this paper a comparatively simple and effective method 
is developed which is applicable for the determination of the 
frequency and damping constants of any electrical system of 
two degrees of freedom, and the work is given in detail for the 
cases of magnetic coupling, direct coupling and electrostatic 
coupling. 

MAGNETIC COUPLING 


The eireuit equations are as follows: 
l 


L“ +R + * [. = () | 
d d t? 
LJ lI I i] (1) 
Ls ЕИ Е Mu = = 0 | 
Assume hs: pa Г. = В: “a substituting in (1), we get 
(ha, A+R, Cià+l) А+ М С, АВ = 0, } (2) 
(Co HR Cok FD BEM С, A =0. 7 


*Recerved by the Fditor, September 20, 1919. 
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Eliminating E we get a fourth degree equation as follows: 


С, Cs (Ly L5 — M?) 244C, С, (Li Rot Lo Ri) 33+ (14 С, 12 Cs 
+R, ЕЁ» С, Сз) 2%++(®, С,+В»С„) à+1=0. (3) 


FIGURE 1 


Since the currents are of damped oscillatory character, / is 
a complex quantity,.the real term the damping factor, and the 
imaginary term the frequency constant of the system. Putting 
A=a+jB, we get 

4 = @2— В+) 2а В, 
4% = a3—3 а В+3ја 8 e, 
M =at 6 а? 8?--8*--;4a* 8—4 ja В. 

In all high frequency circuits « is small in comparison with B, 
and by neglecting a? in comparison with 8? the error introduced 
is extremely small, so that to a very high degree of approxima- 
tion we may write, 


i- aj B, | 

д= – 8+2) и В | | 
í 4 

д3 = —83 а 8 — } 8°, | " 

1= 84—-47 а p. 
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Substituting the values of 4 from (4) into (3), we get 
C, C: (Li Le — М?) (B4—j 4. 83) —C, С, (Li Re+ Le Ry) (348 
+j 8°) + (la Cio Le Cs R, R4 С, Ce) (—8*--j24 8) | 
T GG Ci RS C3) (+) B) -1— 0. (5) 
Separating the reals and imaginaries, we have 
1С: (Li L3 — M?) 8+— (3 "С, CS (Li Rs+ Le R0 +14 С, 
+1. С. + Е, ЕК» С, С.) В+ (Р, С,+ КЁ. Ce) a+1=0, (6) 
—4 С, С, (In Le — M?) «ВС, Co (Li Re+ Lz R) BHL С, 
Lo Ce+R, Р, С, С,)2а+(Ё,С,+ Е.С.) =0. (7) 
The resistance terms in equation (6) are very small in com- 
parison with the other terms, hence to a very high degree of 
approximation equation (6) reduces to 
C, Ce (L| Lz — М?) В: (1, (+L: С) 8+1=0 (8) 


and 


gi Gath: Бу (LC, LC) +4 M? C Ce. (9) 

2Ci1Cs (Lı Ls M?) ` 

For resonance condition, L,C,;=LeCe=LC, equation (9) re- 
duces to 


21,С+2 MVCC 


TERME 
2L*(? s) 
Е { 


T (10) 


8:= 


М 
where О = 7, —- 


The values of 8? given by (9) and (10) are the well-known 
expressions for the frequency constants of magnetically-coupled 
circuits; P is the coupling coefficient. 

By equation (7), we have 


{21 С\+2 Г» С„-Е2 R, R; С, С„—4 С, С» (Li L3 — M?) {8°} а 
=; C. o (Ly Rot L» Р,) 8° — В, С,— Re С» 

апа | 
us О (а АЛА -RGR gy) 
` 2QL,Cy +2 LeC2+2 В,С С —4 CC (Lilo — М?) 8? 

Introducing in (11) the values of 8? from (9) ог (10), we get 
the complete expressions of the damping factors expressed in 
terms of the electrical constants of the circuits. In any given 
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case it is simpler to obtain first the numerical values of ? and 
substituting in (11) to obtain the values of the damping factors. 
For the resonance condition, a considerable simplification of 
(11) can be obtained. We have 


С.С. (Lı Rı+ Ls Ri) 
ki e erre 
C1 Cs (Lı Re+ L: R,) 8 LC (14) 
_ Вас. В,С, 
lp 
4L*C?* (1— p?) 
" — 2 |i ee дыы с ДОИР -— e 
4CıC: (Lı La— M?) 8 LC xp) 4 LC (1+p) 


Substituting above valucs in (11), we get 


1 
__ Cet RO) (ра) 
4LC+2Rh, Р.С, C5 —4LC (1P) 
+p (Rs Cs - Ri C1) a2) 
` (2R RC CF4 LC p) (FP) 


Equation (12) is the complete expression for the damping 
factors of magnetically-coupled circuits аё resonance condition. 
In all practical cases R, Re С, С» is very small in comparison with 
the term L C p, and equation (12) simplifies still further to the 


following: 
R: Р; 
ES L» TIL YA] (13) 


1-Fp 


“= 


DIRECT COUPLED CIRCUITS 


The circuit arrangement is shown in Figure 2 and the circuit 
equations are as follows: 


pit ъй; dn, „41; 
а Кү ELS Ga +R? =0, | т 
ы и. E paih ho. o | 
г {Re + he dm t - 
Also, 
I=, +.. 


Substituting the above value of Г, in (14) and rearranging, 
we get 
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FIGURE 2 


2 
Lo TR +R, $P Dt (Lot La) 0 + (Rot Ba) 478 
+ 12 =0, 
С, (18) 
| d* 1, af 1 d! 1, 
Le) FR Guo) SD e (2 42.) лн 
+R, 1F =0. 


Assuming as сша, = Ае and I,=Be*', and elim- 
nating 2 from the above two equations, we get a fourth de- 


gree equation in / as follows: 
(Le Li+ Lo Lot Li Le) А+ Pali de Ro L В. + Lı Re 


£L REL в) + (E + E +E +E ERR 

+R, RS Р, n.) + tc NE a À i (16) 
С, Co, 

tec =0. 


Substituting for A the complex quantity a+] В, neglecting 
a іп comparison with 8°, and then separating the real and im- 
aginary terms, we get the following two equations: 
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(Lela + LoLa-- Ia Ls) '— [3a (Lo Rit La Rot aR +R. 


+ Lo R+ Ly R3) + а + + Re R2+ Ro Р, 


s. Rot Ез 1 
2 Беа, оз ЕЦЕ = 
+R, Re +( оо Jat a: g, =% (17) 
4 (Lo Li+ Lo La+ Li Іл) a 82+ (Lo Rit+ Le Ro+ Ls В, 
Lo 
+L Re+ Lo Re+ Lı В») 81-2 (=H э „еа 
Ret+R, _ Ro+ Rs 
Go С, 
Neglecting the resistance terms in equation (17), these being 
extremely small in comparison with the other terms, it reduces to 
1 Co (Lo Li+ Lo In+L І) 8+ — (Le CitLoCotLe C, 
+L Cı) 82+1=0, (19) 


and 


+ Ro R+ Ro Ri +R; Re) а =0. (18) 


(1С, +1, + LoCo +1С +1^АС,) +v (Le С, +Lo Co + Le C, 
В? = К | Hla L.C)? —: 4C, Co (Lo Li-- Lo Ls+Lı Lz) a (20) 
2 C1 Co (Lo l4 Fur P Lil, Lz) 
Equation (20) is the general expression for the two frequency 
constants of direct coupled circuits. 
For the resonance condition, 


(Lo + Le) Co = (Lı + Le) С, =LC 


equation (20) reduces to 


li L; 
atv (i ea. (+1) (Li + Ls) | (21) 


Lo Li La 
LC ЕТ 
РЕЯ Td (Lo+Le) (Li a 


Put, for brevity, 


ego 4e 0 bb _._ 
P = T Lekls (s) (aL 
Іл? 
-——. ———— 22 
(+1) (Li+ L2) = 
and substitute in equation (21), we get 
‚_ _1#P. 
LC (1 —p* 2)’ 
1 
= و‎ 23 
LC (1p) 1) 


The expression for the frequency constants is identical in 
form to the one obtained for the magnetically-coupled circuits. 
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and the expression for р given by (22) may be defined as the 
coefficient of coupling in direct-coupled circuits. 
From equation (18), we get the value of a, the damping factor, 
which is as follows: 
CoC; (Lo Rit La Rot Le Ri+ Li Ro+ Lo Ёз-Е1д R3) 8? 
“= —(R2Ci+ Ro Co +R: Co 4- RP, Ci) E (24) 
2 Ime --LoCo--LsC o +L, Ci+tRoR2Co С, +RoR, ССр 
+R, RCo C1) —4CoCiB? (Lo Li+ Lo La+ Lia) 
Equation (24) is the complete expression for the damping 
factors. Knowing the values of 8? as given by (21) or (23), 
the values of « can be readily evaluated for any given case. 
For resonance condition, and neglecting the terms 
Ro Rs Co Ci + Ro R CoCi tk Rs С» С, 
as being very small in и with LC, equation (24) те- 
duces to: 


NE R: (Li+ Lo) Н 
1° С? 8: - 
8 к Шр ee (Lo+ Le) (Li+ La) 
* NE —(R; C, +R С + Ro Cot R: Co) (25 
(жеее == ee 5) 


4LC {1—1,С 8%(1—о?)} 
Substituting the value of 8? from (23), the above equation 
reduces. to 


css uuu Bette a etl 
4 (1 +P) (Li+ Le) р Lo+ L Lo+ La (26) 
A R:+ fà Fio + R: 
40 Lı +1» Lot d 
whieh is the complete expression for the damping faetors at 
resonance condition. In all practical cases, Le is small in com- 
parison with either Lo or Li, and by neglecting Le, equation (26) 
simplifies to the following: 


1 1(В, 
udi nanasa HE uu Lj 


EX 


` 4L, (1p) 
duo, Ro 
ib AL. (27) 
Tp ` 
The expression. for the. damping factors given. by (27) 15 
identical in form to the expression obtained for the case of 
magnetically coupled circuits. 


C= 
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ELECTROSTATIC COUPLING 


The circuit arrangement is shown in Figure 3, and the circuit 
equations are as pre 


d Io ‚© 
L +R + = | 
^I dIo I r Г, 
Lo P7 pue зан l L^ (y : 
He EEE (28) 
ie TP EC hint МЕН =o. 
dt? l dt 
We also have the ыо. current relations, 
I' I, | 
|o» 
=I THEE, 


Assuming 

LAW Бе Вг, HOD", 
and also substituting the relations given by (29), equations (28) 
take the following form: 


(1. +R, + , LE )л+ (1. ++ B+ (Loi 
1 f 0 
tito a+ o | )р=о 


(„г +Roi+ c )a* «м ER) Er "e e) B+ (Lat 


i (30) 
TRA. ET 7 )D=0, 


(++, n од? Si -+ BLUE 


TRO. +L: 7+ Rs 1+4 - Wn 


"ew 4 from the above three Pos inh we get 


hos А 
(2. A BS. | ) -(1 re + 1, it, ote е LRH 


1 \) ( : 
SIDE "Hi, " -(т. +, 
*&*e)t A Ei, Au D 


o 


D = 0. (31) 
) Й 


" TW CMM D -0. 
E ДУ | i 
Eliminating D from the above two equations, we get a fourth 
degree equation in 4 as follows: 
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(32) 
Substituting for 7 the complex quantity и 8 and separating 
reals and imaginaries we get the following two equations: 
LL CC 


La к ЛЬ АСЯ ССС" 
see L 


“+R. к. С СЪС С) 

Eos. S ; 

e xe usce uq 
"E "mE 

эру cd ds 

4L Lac 


y ө C. 
Cer e if > 


CCR: (Cs 


(33) 


\ 


La + R. R. 


| (.—] TA Re+ 1... R- ) СС 
0 2 e 


ar e Cie Eee 
"T he T 

T REN ML TC. C) 
+R: 0—C Ro (C eC (С. 


155 


(34) 


(1) 


(OF) 


"n 
хүл 10} Md 


i + Es JTC 


" ° (+ (( (^v 2 ) +!) js ©) ` \ t yah) 1 “) г) 
т 7 ‚Эс 6 Sd i) i \ n ток 


J93 OM шли pue әрем oY} лора suto} OY} SuPuTdNyy 


= ` 


ге 


(0+ Кш, 


у! J 
= "m = E _ с =y 
ү МОЛАН кш. ( Jm ©) M Ce) 2) | 
, Savages Т. x = 1 FONS 1 р 
Он n г) 9 p +I JIT " : n |) ET "x Tu x) + ( ‚)\,) Aad al a pur 
EN LE E) NOT : 
0 E +!) SES UN 5 tie) ore C = г Jel 
ША ОО) 0U} OF айе OIA 
Q= 0 
°) + ر‎ + 19 
E M. А п) ^ P 9 ~ - 
2 d agp eR 2 i leg gl — 1e } Ce) 0:7 


prorat NWISESNISESNIS 
Jos OM (GE) ur Jo nwa oAo0qu oy} Zurnjnsqus 


ITED) (,)+°)) $) 


159 


In equation (33) all the resistance terms are very small and 
can be neglected, and it reduces to the following: 


Lo Lz (C\C2+C1C’ +C2C’) p- fi (Ci Сън, С" С.С") +L (C' 


Cı+C' 
C. 


+С:) Lec) B*4- +1=0. (35) 


The value of 8 can be readily obtained by solving the above 
biquadratic equation. The formula obtained, however, will 
be difficult of interpretation because of its complex form. It is, 
therefore, desirable in this case to limit the diseussion to the 
resonance condition. If it should be necessary in some cases 
to obtain the values of the frequency constants for the non- 
resonance condition, it would be simpler to substitute the numeri- 
cal values for the different L's and C's in (35) and solving for В. 

For resonance, we have 


Y 1 ГСС 
О үү al "S = LC. (36) 
Ca С, 
Ls = L» C. (C, xy. 


С С, 
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SUMMARY: The general theory of coupled radio frequency circuits is 
developed, for systems having two degrees of freedom, and for the resonance 
and non-resonance conditions. The theory is applied to determine the 
frequencies and damping factors for inductively coupled, directly coupled, and 
electrostatically coupled circuits. 
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DIGEST OF UNITED STATES PATENTS RELATING TO 
RADIO TELEGRAPHY AND TELEPHON Y* 


GRANTED JANUARY 4, 1921—FEBRUARY 15, 1921 


By 
JOHN B. Brapy 


(Ouray BUILDING, WASHINGTON, D. С.) 


The object of this section of the PROCEEDINGS OF THE 
INSTITUTE OF RADIO ENGINEERS is to make available in con- 
venient form for research engineers and others interested, brief 
information on the radio patents which are granted each week 
by the Patent Office. The rapid developments in this art 
emphasize the importance of radio research engineers being 
familiar with patent literature in order to eliminate as far as 
possible the duplication of research effort. It is not the purpose 
of this section to explain radio inventions fully, but merely to 
indicate the general nature of the patents in order that those 
of particular interest to individuals concerned with current 
problems may be selected, and copies of the patents obtained 
for complete study. Copies of the complete patents may be 
obtained at ten cents each by addressing the Commissioner of 
Patents at Washington, D. C. 


1,364,495—Henry Joseph Round, of London, and William 
Theodore Ditchman, of Twichenham, England, Assignors 
to Radio Corporation of America, of New York, N. Ү., а 
corporation of Delaware. 
Wireless Telegraph-Transmitter—Patented January 4, 1921. 
This invention shows a circuit wherein current from an alter- 
nating source M is rectified and then smoothed out by a con- 
denser L and utilized as а source of direct current for a valve 
oscillator. In the diagram, the grids of the tubes V and V' are 
connected to the armatures of two relays C and C’ arranged in 
circuit with a key A, the opening and closing of which causes the 
* Received by the Editor, March 3, 1921. While great care has been 
taken in the preparation of these Digests, THE INSTITUTE OF RADIO ENGINEERS 


assumes no responsibility for their correctness or completeness, or for possible 
omissions of particular patents.—LpiTOR. 
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energization of the relays, whereby the grids of the two tubes 
are simultaneously connected to corresponding ends of batteries 
В В' and are thereby made positive and negative with respect to 
the filaments whereby the circuits on the two sides of condenser 
L are opened and closed. 


, 2192 
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NUMBER 1,364,495 —Wireless Telegraph Transmitter 


1,365,157— Lee de Forest, of New York, N. Y., Assignor to de 
Forest Radio Telephone and Telegraph Company, of New 
York., а corporation of Delaware. 

Apparatus for Use in Telegraphy or Telephony—Patented 
January 11, 1921. 


NUMBER 1 99 DD ee for Use in Telegraphy or 
elephony 
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This invention pertains to a construction of audion in which 
an electric аге replaces the usual filament electrode. 


1,365,292— Fhilip Thomas, of Edgewood Park, Pennsylvania, 
Assignor to Westinghouse Electric and Manufacturing Co., 
a corporation of Pennsylvania. 
Method of Making Condensers-— Fatented January, 11, 1921. 
This patent covers a method of impregnatirg condensers. 
The process comprises immersing the condensers in a solution of 
benzol and Montan wax, removing them after impregnation, 
immersing the condensers in a bath of commercially pure Mon- 
tan wax at about 160 degrees C., then removing the condensers, 
and subjecting them to pressure in a cold press. 


15265,576— William C. White, of Schenectady, New York, 
Assignor to General Electric Company, a corporation of 
New York. 

Radio-receiving System—Patented January 11, 1921. 


Gra Volt 
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NUMBER 1,365,576—Radic-Receiving System 
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This patent shows an electron discharge tube for which a 
single battery is employed to function as a supply for the cathode 
anode circuit, the filament heating source, and also as a source 
between the cathode and grid for adjusting the normal potential 
of the grid. The construction of the tube is such that the cathode 
and grid are separated by as small a distance as possible and the 
anode spaced from the grid by a distance which may be slightly 
greater than the spacing between cathode and grid but which 
will in any case be very small. 


1,365,579—- Thomas Appleby and Lloyd M. Knoll, of Phila- 
delphia, Pennsylvania, Assignors of one-third to Cornelius 
D. Ehret, of Philadelphia, Pennsylvania. 
Radio apparatus—Patented January 11, 1921. 


/ РРР Y, 
Pg , ОИЯИ ГР 
NUMBER 1,365,579—Radio Apparatus. 
This patent shows a rotary loop antenna arranged under- 
ground and shielded to reduce distortional effects. Other figures 


of the patent show arrangements of shielded loops for multiplex 
operation. 
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1,365,734—Samuel P. Shackleton, of New York, N. Y., Assignor 


to American Telephone and Telegraph Company, a corpora- 
tion of New York. | 


Electron-Tube-Testing Circuits—Patented J anuary 18, 1921. 


NUMBER 1,365,734— Electron-Tube-Testing Circuits 


This patent pertains to a testing apparatus for vacuum tubes 
to determine expeditiously whether or not the tube is operating 
within certain prescribed limits. 


1,365,787—Fred H. Kroger, of Brooklyn, New York, Assignor 
by Mesne Assignments, to International Radio Telegraph 
Company, a corporation of Delaware. 
Method and Apparatus for Wireless Signaling— Patented 
January 18, 1921. 


The object of this invention is to secure & more perfect tone 
control of a quenched gap transmitter. The transmitter circuit 
is arranged as shown in the diagram with а step-up transformer 
having its primary winding 11 in the power circuits and its 
secondary 12 in a control circuit 13 connected across part of the 
gap. The function of the auxiliary circuit is to impress on the 
gap ап audio frequency impulse at a definite instant in each half 
cycle of the normal voltage whereby the gap breaks down at 
regular intervals. 


1,365,926— Tyng M. Libby, of Tacoma, Washington, Assignor 
to Henry G. Cordes, of Bremertown, Washington. 
Radio Interference Preventer—Patented January 18, 1921. 
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NUMBER 1,365,787 —Method and Apparatus 
for Wireless Signaling 


FIG 4 
NUMBER 1,365,92—Найо Interference Preventer 


169 


This invention relates to a receiving circuit so arranged 
that interfering signals can be counteracted and signals of a- 
desired frequency received. 


1,365,977—Leonard F. Fuller, of San Francisco, California, 
Assignor, by Mesne Assignments, to the United States of 
America. 
Radiotelegraphy—Patented January 18, 1921. 


NUMBER 1,365,977 —Radiotelegraphy 


This patent relates to an are signaling system. The antenna 
circuit is opened and closed in accordance with signal characters 
to be transmitted. The arc is extinguished each time that the 
antenna cireuit is opened, but re-ignited upon the closing of the 
antenna cireuit by energy from an auxiliary source 22. 


1,366,160—-August J. Kloneek, of New York, N.Y. 
Rotary Spark-Gap—Patented January 18, 1921. 


This patent concerns a particular circuit arrangement for a 
rotary spark-gap radio transmitter. 


1,366,311—Fulton Cutting, of Tuxedo Park, New York, and 
Bowden Washington, of Cambridge, Massachusetts. 
Production of High-Frequeney. Oscillations— Patented Jan- 
пагу 18, 1921. 


NUMBER 1,366,160—Rotary Spark-Gap 


NUMBER 1,366,311—Production of High-Frequency 
Oscillations 
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This patent relates to the production of high frequency 
oscillations by periodically exciting a discharge gap and conden- 
ser circuit so as to produce groups of radio frequency oscillations. 
The circuit includes a condenser, a supply circuit, a discharge 
gap for the condenser, of for example the Chaffee type, and a 
make and break which operates at an audible frequency when 
the oscillations are being produced to short circuit the gap 
periodically, whereby the radio frequency oscillations have a 
group frequency corresponding to that of the make and break 
device. 


1,366,411—Alexander McLean Nicolson, of New York, N. Y., 
Assignor to Western Electric Comapny, Incorporated, of 
New York, N. Y., a corporation of New York. 
Thermionic Translating Device—Patented January 25, 1921 


Fig. | 


NuMBER 1,366,411—Thermionic Translating Device 
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This patent shows a vacuum tube comprising two cathodes. 
a dielectric sheet of mica separating the cathodes and an anode, 
adjacent to each of the cathodes. The tube is arranged in circuit 
in such manner that one cathode always serves as a control 
electrode for the electron flow from the other cathode. 


1,366,830— Frederick E. Pernot, of Berkeley, California, Assignor 
of one-third to George Lothaine Greves, of Berkeley, 
California. 


Frequency-Selecting Receiving-Circuit— Patented January 
25, 1921. 


NuMBER 1,366,830— Frequency-Selecting Receiving Circuit 


This invention relates to a receiving circuit arranged to segre- 
gate and respond simultaneously to separate signal impulses of 
different group frequencies. The circuit is shown in the accom- 
panying diagram wherein two operators receive simultaneously 
. signals of different group frequencies, one by means of circuit 
CLR; and the other by aid of circuit C,L,R,. Each receiver 
circuit is sensitive to one group frequency only. 


1,266,953— Henry К. Sandell, of Chicago, Illinois, Assignor to 
Herbert 8. Mills, of Chicago, Illinois. 
Radio Receiving Apparatus—Patented February 1, 1921. 


А form of receiving circuit is shown in this patent. A 
grounded loop antenna 30 is employed connected at the other 
end with the grid of a vacuum tube. In another form a second 
loop antenna in proximity to the first grounded antenna is con- 
nected in the plate circuit and arranged for angular adjustment 
relative to the first loop. 
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NUMBER 1,366,953—Radio-Receiving Apparatus 


1,367,165— Haraden Pratt, of San Francisco, California. 
Radio Telegraphic Receiving System—Patented February 
1, 1921. 


This patentee claims a receiving system having a tuned 
circuit containing an electromagnet with armature mechanically 
tuned and adapted to vibrate in synehronism with the radio 
frequency energy received by the antenna system. The arma- 
ture is shown associated with tracing arm of an inking recorder. 


1,367,224— Harold de Forest Arnold, of East Orange, New 
Jersey, Assignor to Western Electric Company, Incorpor- 
ated, of New York, N. Y., a corporation of New York. 
Radio-Receiving System—Patented February 1, 1921. 
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NUMBER 1,367,22 !—Radio-Keceiving System 


This invention pertains to a highly damped receiving eireult 
selectively responsive to signal oscillations of a given frequency. 
The curcuit includes an antenna system, and a chain of resonant 
circuits coupled to the antenna, each circuit of the chain being 
rendered aperiodic by damping. 


1,368,584— Samucl S. Torrisi, of Philadelphia, Pennsylvania. 


Cathode for Audions- -Patented February 15, 1921. 
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NuMBER 1,368,584—Cathode for Audions 


This patent shows a construction of vacuum tube designed 
to eliminate the filamentary cathode. The cathode is formed 
of a heating coil wound upon a removable rod and enclosed 
within a cathode tube which forms the electron emitting element. 


1,368,622—Charles Samuel Franklin, of Buckhurst Hill, England, 


Assignor to Radio Corporation of America, a corporation 
of Delaware. 


Aerial System Employed in Wireless Теешарру" апа 
Telephony—Patented February 15, 1921. 
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NuMBER 1,368,622—Aerial System Employed in Wireless Telegraphy 
and Telephony 


This invention pertains to a system for loop radio reception. 
176 


1,368,657—Henry Joseph Round, of Muswell Hill, London, 
England, Assignor to Radio Corporation of America, of New 
York, N. Y., a corporation of Delaware. 
Wireless Direction-Finder—Patented February 15, 1921. 
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NuMBER 1,368,657—Wireless Direction-Finder 


This invention relates to the reduction of error in direction- 
finder readings where the receiving direction-finder antenna is 
surrounded by interfering metallic structures such as parts of a 
ship or aeroplane. The effect of these structures is compen- 
sated to give the true direction of signals. 


Reissue 15,040—Charles S. Franklin, of London, England, 
Assignor, by Mesne Assignments, to Radio Corporation of 
America, a corporation of Delaware. 

Aerial Conductor for Wireless Telegraphy—Reissued Feb- 
ruary 15, 1921. 


This patent relates to a reciving circuit for duplex operation 
in conjunction with an adjacent transmitter. The circuits are 
based on the principle that antennas of two loops placed at right 
angles to each other and used in connection with a radio-goni- 
ometer can receive best from any two opposite directions and 
eliminate signals from any two opposite directions at right angles 
to the first. 
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ReEIssvE NUMBER 15,040— Aerial Conductor for Wireless Telegraphy 


Reissue 15,041— Charles S. Franklin, of London, England. 
Assignor, bv Mesne Assignments, to Radio Corpo 
America, a corporation of Delaware. 


Aerial Conductor for Wireless Telegraphy — Reissued 
February 15, 1921. 
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REISSUE NUMBER 15,041 — Aerial Conductor for Wireless Telegraphy 
This patent relates to an antenna system for a receiving 

station adapted to operate in conjunction with an adjacent trans- 

mitting station for duplex radio telegraphy. 
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AMENDMENTS TO THE CONSTITUTION OF THE 
INSTITUTE OF RADIO ENGINEERS 


The following amendments to the Constitution of the Insti- 
tute were submitted to the membership for vote, in accordance 
with the procedure set forth in the Constitution. Having been 
adopted by the membership by the vote given in each case below 
the text of the amendment, they are now a portion of the Con- 
stitution of the Institute. The attention of the membership is 
accordingly directed to their text, as here given. 


ARTICLE VII 


SECTION 1: Six weeks before the annual meeting, the Board of Direction 
shall submit to the entire membership, excepting Honorary Members and 
Juniors, a list of candidates (nominees) for the offices of President, Vice- 
President and two Managers. This list shall comprise at least two names 
for each office, the names being proposed either by Petition as hereinafter 
provided, or by a majority of a quorum of the Board of Direction, at one 
of its stated meetings. The list shall contain no indication as to whether 
the candidate has been proposed by Petition or by the Board of Direction. 


Nomination by Petition shall be made by letter, addressed to the 
Board of Direction, setting forth the name of the proposed candidate 
and the office for which it is desired he be nominated. For acquiescence 
a letter of Petition must reach the Board of Direction on or before October 
Ist of any year, and shall be signed by at least thirty-five Fellows, Mem- 
bers or Associates in good standing. 


The list of nominees shall contain the names of all candidates pro- 
posed by formal Petition or by the Board of Direction, but before this 
list is submitted to the membership for final vote, each candidate shall be 
consulted and if he so requests, the fact that he has withdrawn from the : 
election shall be stated after his name. 


The entire membership in good standing, excepting Honorary Mem- 
bers and Juniors, shall be eligible to vote by written ballots in plain 
sealed envelopes, enclosed within mailing envelopes marked ‘‘Ballot”’ and 
bearing the member's signature for the officers whose names appear on 
the list of candidates. А majority vote received up to the time of the 
closing of the polls (twenty-four hours before the opening of the annual 
meeting, the date of which shall be stated in the election notice) shall 
elect, and no votes by proxy shall be counted. Хо proxies or ballots 
within unsigned outer envelopes shall be opened for counting. Ballots 
shall be checked, opened, and counted by & quorum of the Board of 
Direction, at a meeting of the Board. 


The above amendment was adopted by an affirmative vote 

of 479 to 8. 

SECTION 2: The Treasurer, Secretary, and Editor of Publications shall be 
appointed by majority vote of a quorum of the entire Board of Direction 
as soon as practicable after January 15th of each year, for a term of at 
least one year or until their successors be appointed. 

The above amendment was adopted by an affirmative vote 

of 465 to 22. 
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RECENT PROGRESS IN RADIO COMMUNICATION IN 
GERMANY AND AUSTRIA* 


By 
Dr. EUGEN NESPER 


(VIENNA, AUSTRIA) 


The radio work of the last years of the World War and of the 
period immediately following (which has been one of unfortunate 
scientific depression for the Central European Powers) has been 
concentrated on vacuum tube transmitters, amplifiers, receivers, 
and auxiliary beat or heterodyne receiving apparatus. Many 
different lines of development have been required to meet the 
very special demands of fixed stations, heavy mobile stations, 
easily portable stations, and ship and aircraft stations. Reception 
with a coil or loop antenna provided with a radio frequency ampli- 
fier-detector-audio frequency amplifier for the reception of broad- 
cast press messages and of financial and weather reports has found 
a previously unexpected vogue and usefulness. This mode of 
receiving without an elevated antenna or ground connection is 
based on the development of the amplifier which originated in 
the United States (Lee de Forest). Furthermore, the normal 
specifications for the construction of stations and equipment in 
the various countries differed more or less. Considering the 
then available personnel, it was found, for example, in Ger- 
many, that obviously more difficult requirements had to be met 
in the apparatus than in the same or at least similar English 
apparatus. 

А number of typical instances will be given to show the 
practical application of the above considerations to the most 
recently developed equipment. 

As а first example, there will be considered a vacuum tube 
transmitting and receiving set constructed by the C. Lorenz 
Company, of Berlin. The actual set is illustrated in Figure 1. 
It can be used for ordinary radio telegraphic transmission, for 
measurements of wave length in searching for the signals of 
distant transmitters, for reception with primary circuit only, 


* Received by the Editor, July 6, 1920. Presented before THE INSTITUTE 
оғ RADIO ENGINEERS, New York, September 1, 1921. Translated from the 
ierman by the Editor. 
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for reception using a secondary circuit, and for radio telephony. 
This apparatus, therefore, is adapted to a variety of uses, and yet 
covers a relatively wide range of wave lengths, namely from 
350 to 1,800 meters, and for both the primary and secondary 
circuits. By turning the main control handle a, the set can be 
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FIGURE 1 


readily used in any of the ways indicated above. For operating 
the apparatus, a number of handles project from the front panel, 
each handle being provided with a pointer or a window indicator. 
These pointers or indicators move over appropriate scales grad- 
uated in degrees, wave lengths, closeness of coupling, or filament 


184 


heating current. The upper handles оп the left side of the 
panel control the antenna inductance and the antenna con- 
denser, the handle b controlling the steps of antenna inductance 
and the handle c the antenna condenser. The secondary circuit 
is controlled by handles on the right side of the panel, thus d 
controls the steps of secondary inductance, e the main secondary 
condenser, and f a small condenser in parallel with the main 
secondary condenser and intended for fine tuning when employ- 
ing beat reception. The handle controlling the coupling be- 
tween the antenna and secondary circuits g is mounted at the 
middle top of the panel. In addition, the panel carries a small 
antenna ammeter h under which is placed a second ammeter 2 
for filament current. Under this latter are jacks k for plugging 
in three telephone receivers or, if desired, a suitable amplifier. 
In the lower left-hand corner of the panel is the handle J which 
controls the filament current of both the transmitting and the 
receiving tubes. The buzzer m is mounted on the upper portion 
of the panel, and the antenna and ground connections » and o 
are brought to the binding posts at the upper corners of the panel. 

А telephone transmitter p, adjustable so as to fit the head 
of the operator, is provided, and can be plugged into the side 
of the case. The key r is similarly provided with cords and a 
plug so that it can be connected thru the jack at the bottom of 
the panel. 

Small doors s are fitted into each side of the case. Mirrors 
on the inside of these doors enable the operator to see both the 
transmitting and receiving tubes in the inside of the case, and to 
note if the filaments burn out. "The location of the bulbs in the 
interior of the case is advantageous in that it keeps the insulation 
warm and dry, and therefore, in good condition. This is im- 
portant when the set is used in damp locations. 

In the left-hand portion of Figure 2 is shown the trans- 
mitting circuit. ‘The transmitting tube ¢ is lit by a 12-volt 
storage battery. Plate voltage is provided either by a 500-volt 
dry battery assembly u or by a small direct current generator. 
A large condenser is shunted across u. The key is r, and d is the 
stepwise variable secondary coil. The secondary tuning con- 
denser ise. A fixed mica condenser v can be connected in parallel 
to e, this being done automatically by the inductance step- 
control switch d of Figure 1. The condenser w is the substitute 
and equivalent of the “tone condenser" f (to be described below), 
and is automatically connected into circuit when changing over 
from receiving to sending by means of the main control switch a. 
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The internal capacity of the tubes is compensated for by the 
equivalent capacity of the condenser z which is automatically 
inserted into the circuit across coil d when the control switch a 
is thrown over from transmitting to receiving. It should be 
noted at this point that the secondary coil d is used for both 
transmission and reception, and hence the necessity for the 
various substitute condensers w and г. 
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FIGURE 


The antenna inductance Ь (which is stepwise variable) and 
the antenna tuning condenser c form the main elements of the 
antenna circuit. In parallel with coil b is connected the con- 
denser y when sending or receiving with the secondary circuit 
in use. Condenser y compensates for the tube capacity. It 1s 
automatically inserted by switch a. Transmission using a 
primary or antenna oscillating circuit alone is not used, because 
too large a proportion of overtones would be radiated. There 
are also inserted into the antenna a fixed capacity z, the ammeter 
h, and, when required for telephony, the microphone trans- 
mitter p. 

The circuits for reception with the primary alone and also 
using the secondary as well are shown in the right-hand portion 
of Figure 2. The receiving tubes {й can be directly connected 
to the antenna circuit n c b z h, and the beat reception employed. 
A filament voltage of 6 and a plate voltage of 100 are then used. 
The telephone receiver k is connected in series with the plate 
battery. 

In changing over from primary circuit reception to secondary 
circuit reception, the condenser y, which is connected at one 
terminal only to the coil A during primary circuit reception, is 
then shunted across coil h, and the secondary coil d is inductively 
coupled to the antenna circuit. The secondary circuit consists 
of coil d and the variable condenser e, in parallel with which 
latter an extra fixed condenser v and a “tone condenser’ f are 
connected. The beat note is regulated by means of the tone 
condenser, which is, therefore, a relatively small capacity. The 
substitute condenser z is also connected in circuit in this case. 
In searching for the signal of a distant continuous wave station, 
the following procedure is carried out. The main switch a is 
set to primary circuit reception. By varying the inductance 
step switch b and the variable condenser e, the beat tone which 
indicates the approximate setting is obtained. After accurately 
securing the desired note, the operator switches over to reception 
with the secondary circuit connection, first setting the handle 
of the tone condenser f to the zero position (neutral zone). By 
variation of the step control switch d and carcful adjustment 
of the secondary condenser e, the set is tuned to a resonance 
maximum. The desired tone is then obtained by adjusting the 
tone condenser f. The coupling between primary and secondary 
gis then adjusted for the loudest signal. In case the transmitting 
and receiving wave lengths are equal, the operation of the set 
becomes especially simple. It is then necessary merely to 
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throw the main switch a from the “secondary reception" position 
to the immediately adjoining transmitting position. By opera- 
tion of the key, and noting: from the antenna ammeter h that 
normal radiation is being secured, the transmission may then 
proceed without any further adjustment. 

The measurement of wave length is accomplished as indicated 
in the lower diagram of Figure 2. The buzzer m is started by 
throwing the main switch a into the corresponding position. 
This sets the antenna into oscillation at the desired wave length 
provided the inductance b and the condenser с are adjusted until 
the secondary circuit indicates resonance. The secondary con- 
denser then gives the wave length of the received signal. 

In addition to the typical set just described, vacuum tube 
transmitters up to a 10-killowatt size have been built in a wide 
variety of forms. From these numerous types, one built by the 
former Lorenz Company of Vienna is chosen as an illustration 
of convenient portability and carefully chosen electrical design. 
Furthermore this set is intended for transmission and reception 
on unusually short wave lengths, namely 50, 60, 70, 80, 90, and 
100 meters. In Figure 3, this set is shown with the cover of 
the cabinet removed. For transmission, a larger type of tube 
(which is behind the window at the right, but is not visible in 
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the illustration) is employed; while two small bulbs are used for 
reception to ensure reliable beat reception particularly at such 
short wave lengths. The set is so constructed that it is largely 
independent of the size and type of antenna between wide limits. 
This is arranged for by providing a variometer adjustment for 
maximum antenna current, in addition to the stepwise adjust- 
ment of antenna inductance. 

Both transmitting and receiving tubes are arranged so as 
to heat the interior of the apparatus (thus minimizing the effect 
of moisture on the insulation), and are also placed so that their 
light is available for writing or reading messages. The antenna 
and ground are connected to the right-hand binding posts. The 
control handle underneath them provides for changing from 
sending to receiving. In addition, this handle can be set to 
“ОЁ,” or to a position in which the transmitting tubes are not 
burning at full brilliancy. The adjoining handle controls the 
switch whereby any of the six fixed wave lengths can be chosen. 
Thereafter maximum antenna current is secured by adjustment 
of the variometer in the antenna circuit. The handle of this 
variometer is at the bottom right. To its left is the control 
handle for varying the note in beat reception. The two jack 
pairs at the left are for the insertion of plugs connected to the 
telephone receiver and the key. The twin-conductors serve 
for connection to the filament and plate batteries, those at the 
left being for the receiving tubes and those at the right for the 
transmitting tubes. 

The apparatus next to be described is intended either for 
receiving purposes or for making radio measurements. 

The very great importance of amplification in radio reception 
has been recognized for many years. As a result a considerable 
number of mechanical amplifiers have been devised, which 
however, proved to be unpleasantly sensitive to vibration, 
shocks, and mechanical injury. It remained for a number of 
investigators, particularly in America with (Lee de Forest as the 
pioneer) to mect the needs of the situation by the use of vacuum 
tubes. Practical tubes of this type were produced by Irving 
Langmuir and others, and they were found to be very satisfac- 
tory amplifiers since they were practically uninfluenced by 
mechanical disturbances and, being almost instantly responsive 
in their action, permitted radio frequency amplification as well 
as audio frequency amplification. 

Taking an audio frequency amplifier first, the physical 
phenomena will be explained in connection with Figure 4. Radio 
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The energy which j- to be ante fer €Xàr Te thar pel 
белуе] fror the detector. is led to the term iral Fol The amc Ser, 
and then thri aaral] тоц core transformer h hrote grd cirenit 
Of the frat tube. The function of the amp. Ser is to obtain as 
high a potentia] Variation a= po--ille on this grid. Sine various 
forin- of detector -upply their output energy at ерер Voltages, 
the primary h of the tran-former js sOmMeumeS provided with 
three tap. controlled] by a suitable switch. In general. how- 
ever, a fixed primary is provided and the switch eliminated. 
An energy amplification of the order of ten times is obtained 
in the plate eirenit of the first bulb, the energy being supplied 
by the plate мегу l. 

A second transformer is inserted in the plate circuit of the 
first tube, and the secondary of this transformer is connected 
to the grid eireuit of the second tube, which, since it produces a 
ten-fold energy amplification, has an energy output one-hundred 
times the original input (approximately), The same effects are 
produced by the third tube, so that a total amplification of energy 
of the order of a thousand times js to be expected. This Is trans- 
ferred by the step-down transformer f to the telephone receiver i. 

The filaments of all the tubes are fed from the battery К, 
and the ballast resistances о (of iron In an atmosphere of hydro- 
деп) im series with each tube serve to prevent excessive current 
thru their respective filaments. 

An amplifier constructed on the basis of the preceding circuit 
by the former Lorenz Company of Vienna is shown in Figure 5. 
The three tubes "re mounted on a horizontal panel in a wooden 
box with n swinging top. [n front of the tubes are placed the 
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iron-in-hydrogen ballast resistances which сап be readily inter- 
changed in view of the clip-contact mountings. The fine internal 
iron wires are at a dull red heat when they are functioning properly. 
On the front of the box may be seen two sliding doors which 
permit access to two switches. One of these has two positions: 


FIGURE 5 


“Оп,” meaning that the amplifier is in use, and “ОЁ,” meaning 
that the telephones are connected directly to the input or detector 
circuit without the interposition of the amplifier. At the left 
side of the box is a plug pair which permits connecting the ampli- 
fier to the energy input circuit. On the right side of the box, 
but not visible in the illustration, are two pairs of terminals, 
one for the 100-volt plate battery (usually of dry cells), and the 
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other for the 6-volt filament battery (usually a storage battery). 
When the amplifier is in use, the top of the box is generally 
closed, and the holes in the top permit the operator to note 
whether the bulbs are lit or not. 

Probably the greatest changes in the radio field, at least as 
regards reception, have been brought about by the development 
of the amplifier. It has thus become possible to increase the 
strength of the received signals to almost any desired limit, 
and indeed to dispense with large elevated antennas and, even 
for reception from long distances, to accommodate loop an- 
tennas of convenient dimensions inside ordinary rooms. 

The most common arrangement is given in the diagram of 
Figure 6. The loop antenna a consists of several turns of insu- 
lated copper wire which may be fastened to one wall of the 
receiving room. In other cases, when it is desired to vary the 
direction of best reception at will, the loop can be mounted on 
a light wooden frame which ean be rotated and which may be 
suspended from the ceiling of the room or otherwise mounted. 


FIGURE 6 


From the terminals of the loop antenna a twin conductors 
cord, terminated by appropriate plugs b, leads to the terminals 
of the special receiver c. The construction of this receiver is 
described below in connection with Figure 7 which shows a type 
built by the former J. Berliner Company of Vienna. By means 
of the loop receiver, naturally tuned to the appropriate wave 
length, and using the telephone d, reception from such distant 
stations as Paris, Lyons, Petrograd, or any other large stations 
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in Europe, and sometimes even North America, сап be accom- 
plished. 

In case, however, the loudness of signals thus obtained is 
not sufficient, or in case it is desired to obtain such loud signals 
that a large group of auditors can hear them, a further ampli- 
fier f is used which is connected by the conductors e and plugs 
to the receiver c. This particular amplifier feeds а loud-speaking 
receiver or ‘‘Megatelephone”’ g. If a large horn is used with this 
latter, the signals become easily audible thruout a large room. 
As an alternative, in place of the loud-speaking receiver g, an 
ordinary receiver may be used connected to the amplifier f. 
This is desirable when the received energy is very small, as in 
reception from very great distances or using very small loops. 

The arrangement of the loop receiver shown in Figure 7 
permits of obtaining very loud signals even without beat recep- 
tion auxiliary apparatus (external heterodyne oscillator) or 
further amplifiers. In all, seven tubes are used, which can be 
seen in the middle of the apparatus. "The circuits are so arranged 
that the first four tubes are used for radio frequency amplifica- 
tion, the fifth tube is used as a detector, and the last two tubes 
for audio frequency amplification. 

The tuning elements, inductances and condensers, are built 
into the cabinet in. this piece of apparatus. The inductances 
are mounted behind the glass-covered calibration chart at the 
right. The variable condenser is visible in the middle of the 
bottom. "The wave length can be varied continuously between 
200 and 24,000 meters. The stepwise regulation of the coils— 
there are three coils in all—is carried out by the control handle 
mounted directly over the variable condenser handle. "The 
filament current can be read by means of the small ammeter 
to the left of the condenser handle. To the left of this are two 
more handles, the lower one of which controls the filament cur- 
rent rheostat, and the upper one of which enables turning the 
filament and plate currents on and off. 

In the left bottom corner can be seen a small block carrying 
jacks for the insertion of two telephone receivers and also for the 
filament and plate batteries. The movable handle directly 
over this block serves to control a resistarce inserted into the 
plate lead of the fourth tube ("regeneration control resistance"), 
thus obtaining beat reception in the upper portions of its range 
of motion and ordinary detection in the lower portions. The 
antenna is connected to the two binding posts in the upper right- 
hand portion of the case. 
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The coupling between each tube and the next consists of a 
high resistance, with the exception of the fifth and sixth tubes 
and the coupling to the telephone receiver. For the former 
cases step-up transformers are used; for the latter case a step- 
down transformer. 
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FIGURE 7 


By thus combining radio and audio frequency amplification, 
the available sensitiveness of the apparatus is such that with a 
loop antenna of 30 turns and 1.5 square meters area (4 feet square) 
reception from America can sometimes be accomplished. How- 
ever, it is generally advisable when working with such small 
loop dimensions to have an external heterodyne oscillator which 
may be coupled to the receiver in a variety of ways, and most 
simply by placing it in the neighborhood of the receiver. 

The physical phenomena in this case are the following: A 
minute portion of the energy electromagnetically radiated from 
the distant station is received by the loop antenna a (Figure 8), 
and is carried by the conductors b to the tubes of the receiver c. 
The first three of the tubes in с act as pure radio frequency 
amplifiers so that the extraordinarily small input energy is 
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markedly increased by them. The third tube output will accord- 
ingly represent about one thousand times the energy received 
by the loop a. This increased energy is then transferred to the 
fourth and fifth tubes, which partly produce further amplifica- 
tion, but at audio frequency, and partly produce so-called recti- 
fication which enables the incoming energy to actuate the tele- 
phones. It is also possible by adjustment of the regeneration 
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control resistance to produce beat reception without additional 
apparatus, so that, when receiving continuous waves, a clear 
tone is heard in the telephones in correspondence with the Morse 
signals sent from the distant station. Since the amplitude of 
the local oscillations can be varied by means of this same re- 
sistance, it is possible to select the best ratio between the ampli- 
tude of the incoming signal current and the locally generated 
oscillating current, in this way securing a maximum signal 
strength on various wave lengths and for various intensities 
of the incoming signal. Above a certain value of the resistance, 
the local oscillations cease, and ordinary detector reception of 
damped waves becomes possible. 

Loop antennas with such a receiver therefore constitute a 
complete substitute for: 

1. The earlier types of complicated receivers with secondary 
circuit and many adjustments. 

2. Former equipment for receiving press news, financial 
reports, and similar information in the long wave range from 
2,500 to 20,000 meters. / 

3. Apparatus for receiving time signals (in connection with 
the regulation of clocks). 
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The advantages of the loop antenna are in its considerable 
reduction of those atmospheric disturbances of reception which, 
with high antennas and ordinary receivers, frequently hold up 
all traffic during the warmer months of the year for hours at 
a time. Furthermore, increased selectivity is obtained in that 
the same receiver discriminates between damped and continuous 
wave stations and, by utilizing the directional characteristics 
of the loop, enables picking one station signal to the more or 
less complete exclusion of а number of interfering stations. 

In those cases where the strength of the incoming signal is 
ample for effective amplification, it is desirable to use an external 
heterodyne oscillator for beat reception. 

The general arrangement of such an external oscillator used 
in conjunction with a loop receiving set of the former J. Berliner 
Company of Vienna is shown in Figure 8. Here a is the sus- 
pended rotatable loop, the received energy from which is con- 
nected by b to the receiver c. The telephone receiver is plugged 
into jacks in c. The external oscillator f is loosely coupled to 
the receiver c, for example, by placing f and c close to each other 
on the table. The intensity of the signals can be brought to 
the best value within limits by moving f on the table. 

The external appearance of such an oscillator with its cover 
removed is shown in Figure 9. At the top are seen two ordinary 
amplifier tubes which are inserted into their sockets in the usual 
way. Besides these are the iron ballast resistances in hydrogen 
which tend to maintain constant filament currents. Below the 
tubes, and to the right 15 a rotary switch handle which permits 
choosing any one of three ranges of wave length extending in all 
from about 2,500 meters to 22,000 meters. "The fine tuning to 
the desired wave length is done with the variable condenser 
placed at the left of the last-named switch. The handle of the 
variable condenser has two attached window indicators, one of 
which reads wave lengths on calibrated scales, and the other of 
which reads from 0? to 180°. 

А switch for turning the filament current of the tubes on and 
off is placed below the condenser, and to the right of this switch 
are jacks for the plate and filament current batteries. 

The loop-receiving set previously described enables covering 
the wave length range from 2,200 to 34,000 meters. Inasmuch 
as all tuning circuits, radio and audio frequency amplification 
circuits, detector, and regeneration control are included in the 
same apparatus, an unusually favorable combination is obtained 
both as regards portability and ease of operation. 
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It is not always necessary to cover so long a wave length 
range, and sometimes the separate parts of the set are desired. 
Thus, in Figure 10 is shown the exterior of a four-step radio 
frequency amplifier which is one of the component portions of 
the loop receiver. The whole receiving set can, then, be built 
up out of the following parts: loop, tuning means (generally 
merely a variable rotary plate condenser), four-step radio fre- 
quency amplifier, audio frequency amplifier, and such additional 
parts as storage batteries, high voltage battery, telephones, 
and so on. 
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In the four-step amplifier of Figure 10, the first three tubes 
act as radio frequency amplifiers, and the fourth as a rectifying 
detector. The circuit is so arranged that no external oscillator is 
required for beat reception of continuous wave stations. This am- 
plifier can be used with ordinary tuned-secondary receivers work- 
ing with elevated antennas. In the amplifier shown in Figure 10, 
the windows in front of the four tubes are seen at the top, these 
tubes being inserted by lifting the top of the case. To the right, 
directly under the fourth tube, is a switch which not only turns 
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the filament current on and off but regulates its value. The 
voltage across the tubes is indicated on the voltmeter to the left. 
Depressing the button under the voltmeter connects that instru- 
ment across the plate battery and permits measuring the plate 
voltage. To the right on the panel is the handle controlling the 
resistance for beat reception or plain detection, which handle 
also permits adjusting the local oscillations till optimum signal 
is obtained. The telephones are connected into the double 
jack at the right of the panel, the filament and plate batteries 
into the triple jack, and the connections to the tuning circuit are 
made from the double jack at the left of the panel. 
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Directional receivers or radio goniometers were used in the 
World War on airplanes and otherwise. But their commercial 
applications are sure to increase in the future. For example, 
with the increasing use of aircraft, reception on the plane should 
also serve to guide the flight and permit safe descents to the 
landing field. Optical and accoustic means of positively locat- 
ing the landing field have not proven adequate for the purpose. 

The solution of the problem of finding the direction of the 
incoming waves at a receiving station is most easily and reliably 
attained by using two directional antennas in conjunction with 
a receiving goniometer. The type of goniometer built by the 
former Lorenz Company of Vienna is intended for use with two 
closed triangular antennas (loops) which can be very readily 
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erected by the simplest means, and which gives greater accuracy 
in direction and freedom from locally produced errors than 
other methods. 

The general arrangement is shown schematically in Figure 11. 
In this Figure, ai, b; and а», be are the pair of triangular antennas. 
The mast which supports them is only 9 meters (27.45 feet) 


FIGURE 11 


high. The four small outer masts are 2 meters (6.1 feet) high 
and at a distance of 15 meters (45.75 feet) from the foot of the 
central mast. The planes of the two antennas must be per- 
pendicular to each other, and it is convenient to arrange them in 
the East-West and North-South directions. The terminals 
a, are connected to the North-South binding posts of the goni- 
ometer and the terminals a» to the East-West posts of the goni- 
ometer. If the ends b, and b, are left open, a wave length range 
of from 150 to 760 meters can be covered in three steps. If the 
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two ends b, are connected to each other, and the two ends bz 
similarly connected to each other, the wave length range is 
extended to 1,700 meters. If longer waves than 1,700 meters 
are to be received, there is connected between the terminals 
bı and be a special piece of auxiliary apparatus, which has also 
been worked out by the former Lorenz Company, Limited, of 
Vienna. 

The goniometer of the Lorenz Company of Vienna is worked 
out as а double receiver, with the necessary tuning elements 
permitting directional receptions of wave lengths between 150 
and 750 meters embodied in the apparatus. Figure 12 shows 
the goniometer removed from its protecting case. It will be 
seen that there are two cylindrical coils, one mounted at right 
angles to the other and underneath it. The length, diameter, 
number of turns, and taps are so chosen that as uniform a field as 
possible is obtained, so that the cosine law of variation of induc- 
tion with angular rotation is obtained for the short detector coil 
within each of the larger field coils. In order to secure the best 
value of coupling in each case, there is а detector circuit coil 
mounted within each cylindrical (field) coil. Both the detector 
coils are rigidly mounted on a common shaft which projects thru 
the top panel and carries the pointer o (Figure 11) which moves 
over а 0?-360? divided scale. It is, therefore, clear that when 
one of the detector coils is most closely coupled to its correspond- 
ing field coil, the other detector coil has practically zero coupling 
to its field coil. Inside the handle controlling the pointer o 
is à switeh control enabling the choice between two detector 
couplings, and provided with a pointer designating ''close" and 
“loose” coupling. 

The ends of the detector coils are connected to the detectors 
m and n, either one of which can be selected for use by means of 
the switch g. 

The telephone receivers or the input terminals of an amplifier 
can be plugged into the jacks J. 

Any one of three wave length ranges can be chosen by means 
of the handle c. This handle controls a switch which connects 
all four antenna terminals to the correct conductors leading to 
the three windings on each of the cylindrical field coils. Depend- 
ent on the setting of switch c, the following wave length ranges 
are obtainable: 150 to 300 meters, 250 to 460 meters, and 410 
to 760 meters. 

Fine tuning is secured by the air condensers e which are 
mechanically coupled so that both antennas are simultaneously 
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and correspondingly tuned. Small differences in their tuning 
may be compensated for by means of the condenser f. A switch 
h enables changing over the antennas from the upper to the lower 
cylindrical coils, according as the switch is set in positions I and 
III. In position II, the antennas are both grounded thru an 
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earth connection to the binding post 2, this being done when 
atmospheric disturbances threaten to injure the receiver or the 
detectors. If it is desired to extend the wave length range, ad- 
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ditional condensers can be connected in parallel with the 
tuning condensers at the jacks l and k. 

Radio measurements have recently assumed much increased 
importance. Thru the introduction of vacuum tube generators 
of radio frequency alternating currents and the use of beat 
reception, it has become possible to give to such measurements 
a very satisfactory precision. 

The best way of meeting the various requirements for such 
measurements is to use high vacuum tubes (pliotrons) with 
appropriate circuits. It thus becomes possible to generate 
radio frequency currents which, being sustained, permit the 
obtaining of sharp resonance effects. These same currents 
remain quite constant over long periods of time. The use of 
expensive rotating machinery, with constant attendance, for 
the production of radio frequency energy is thus avoided. 

The following assembly of apparatus for measuring purposes 
is built by the former Lorenz Company, Limited, from the designs 
of the author and Paul Floch. It is based on the possibility of 
combining all the necessary oscillating circuits and auxiliary 
apparatus required in conjunction with a tube for the important 
radio frequency measurements in one piece of apparatus of small 
dimensions. There is combined with this a calibrated secondary 
circuit which contains a calibrated inductance and capacity-free 
resistance. 

Besides being used for measurement purposes, this apparatus 
can be employed as a continuous wave transmitter. 

Both pieces of apparatus are shown in Figure 13. To the 
right is the tube generator or primary circuit, to the left the 
secondary or measuring circuit which can also be used in trans- 
mitting or receiving circuits when connected to the antenna. 

The primary circuit consists of a three-clectrode tube a. 
which reccives its filament current from a battery connected to 
the binding posts b, and its plate cireuit energy from a generator 
connected to the binding posts c. The variable air condenser d 
and the inductance e, the tapped sections of which can be in- 
serted into the circuit thru a switch g, constitute the oscillating 
circuit. Ву varying g and the condenser d, the wave length 
of the oscillator for measurement, transmitting, or receiving 
purposes ean be continuously varied from 150 meters to 1,200 
meters. 

A small secondary coil is mounted inside the cylindrical 
coile. It ean be rotated by means of the small handle f, which is 
provided with a graduated seale. The energy picked up by this 
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small coil is used either to excite the secondary circuit or else 
the antenna. For this purpose the energy is transferred thru 
the conductors h. A small rotary switch 7 is provided with three 
settings, whereby the primary circuits is adapted to “Transmit,” 
"Receive," or “Measure.” The current thru the filament of 
the tube a is controlled by the handle k of a continuously variable 
resistance. Asmallhot wire ammeter l is provided, which meas- 
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ures the radio frequency current in the closed primary circuit. 
The filament current is measured by the moving coil ammeter m. 
At n are two jacks for plugging in а telephone receiver. A key j 
is provided which is used when the apparatus is employed as a 
continuous wave transmitter. 

The secondary circuit is connected to the primary circuit 
by the previously mentioned conductor h. It consists of a 
tapped coil o. Two plug connections lead from this coil to the 
variable air condenser p, to а calibrated tapped resistance q, 
which may be plugged in as desired or short-circuited by means 
of the knife switch r, to a small hot wire meter s, and to a sensi- 
tive galvanometer, and three terminals behind the coil o which 
can be either partly short-circuited or connected to the oscillatory 
cireuit under investigation, for example, the antenna system. 
The galvanometer and three terminals last mentioned are not 
shown in Figure 13. A small aperiodic circuit, not shown in 
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the Figure, and containing an adjustable thermo-detector, is 
also provided to permit exact decrement measurements of 
relatively slightly damped systems (resonance circuits, antennas 
of low decrement, and so on). This circuit and detector can be 
connected by flexible conductors to the sensitive galvanometer. 
The aperiodic circuit itself is placed either on the resistance q, 
or, when very close coupling is desired, on the coil o. The 
energy transferred to the detector, and consequently the gal- 
vanometer deflection, may therefore be controlled between wide 
limits. 

This assembly of apparatus consequently carrying out many 
of the measurements of radio telegraphy, can be used as a con- 
tinuous wave transmitter, or for detector or beat reception, thus 
amplifying the effect of incoming continuous waves. Finally, 
the apparatus can be used for radio telephony, tho naturally 
only for short distances since the available energy is limited. 
Among the measurements which can be carried out are: meas- 
urement of the wave length and decrement of closed and open 
circuits, measurements of the constants of coils, condensers, 
insulating materials. | 

The development of small radio stations for use in trenches, 
airplanes, and so on gave rise to а considerable demand for a 
small, light, easily portable, and yet physically exact measuring 
apparatus. In view also of the long range of wave lengths now 
used in radio transmission, a continuous variation over this 
entire range is required. 

These requirements have been met by the “pocket wave 
meter" shown ready for use in Figure 14. This was built by the 
former Lorenz Company, Limited, of Vienna, from the designs 
of the author. The outside dimensions of each. of the small cases 
is 20 by 7 by 10 em. (7.85 by 2.75 by 3.93 inches). They are 
therefore, about the same size as a cigar box. * Nevertheless, the 
circuit elements are constructed in a physically satisfactory way 
inasmuch as the condenser has rotary plates in air, and the coils 
have been chosen as to their dimensions and number of turns 
to give а minimum decrement. Furthermore, the continuous 
wave length range of this meter, either for reception (measure- 
ment of wave length) or for sending with small energy (buzzer 
circuit of Eichhorn) extends from 50 to 6,000 meters. In addi- 
tion, each wave meter is provided with a small aperiodic detector 
cireuit, shown in the Figure, consisting of a coil, adjustable 
detector, and telephone which is plugged into place. This fits 
into the wave meter сазе, and is particularly useful when the 
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wave meter is used for decrement measurements. This circuit 
may be coupled as loosely or closely as desired to the wave 
meter inductance, It is also possible to plug the antenna and 
ground into jacks on the wave meter and receive signals with 
primary circuit alone. In general, the resonance indicator used 


FIGURE 14 


in this apparatus consists of a small hot wire “watt meter," 
which is provided with a special fuse to protect it against being 
burned out. If the energy available lies below certain limits, 
the aperiodic detector cireuit and telephone receiver is used for 
locating the resonance setting. The wave meter is coupled to 
the system under investigation thru any one of the five available 
inductances. 


Vienna, June 2, 1920. 


SUMMARY: After describing the general trend of radio development in 
Central Europe during and immediately after the war, there are described in 
detail a low power tube radiophone transmitter and receiver; a very short 
wave tube telegraph transmitting and receiving set; an audio frequency three- 
step amplifier; a complete loop antenna and receiving set having a four-step 
radio frequency amplifier, detector, and two-step audio frequency amplifier; 
an external heterodyne oscillator; a four-step radio frequency amplifier; a 
complete radio goniometer receiver; an assembly of apparatus for radio 
frequency measurements; and a portable wave meter. 
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RADIO TASTE RECEPTION* 


By 
ALFRED N. GOLDSMITH 


(DIRECTOR, RESEARCH DEPARTMENT, RADIO CORPORATION OF AMERICA) 


AND 


Epwanp T. DICKEY 


(ASSISTANT RESEARCH ENGINEER, RADIO CORPORATION CF AMERICA) 


I. INTRODUCTION 


Practically all reception of radio telegraphic signals of a 
practical nature which has been done up to the present time 
has been accomplished thru the sense of hearing of the operator. 
Some shght amount may have been done by using the operator’s 
sense of sight, but this has never been found sufficiently satis- 
factory to warrant its use in practice. It was suggested by Mr. 
Arthur А. Isbell, that under certain operating conditions, for 
example, in places where there is great interference due to ex- 
terior noises, as in the case of the operator on an airplane, 
there might be & certain advantage in employing the opera- 
tor's sense of taste rather than his sense of hearing in receiving 
signals. The object of this paper is to describe some tests 
made to determine the feasibility of reception of radio tele- 
graphic signals by the sense of taste. 


II. PRELIMINARY TESTS USING DIRECT CURRENT AND 60- 
CYCLE ALTERNATING CURRENT 


1. Tests UsING DIRECT CURRENT 
(A) APPARATUS 
(a) ELECTRODES 
The fact that a stinging taste sensation may be produced 
by placing the two wires of a low potential electric circuit on the 
tongue is well known. The first problem met with in investi- 
gating taste reception was to design a pair of electrodes which 


* Received by the Editor, January 12, 1920. Presented before THe 
INSTITUTE OF RADIO ENGINEERS, New York, October 6, 1920. 
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could be kept in the operator’s mouth for a considerable length 
of time. It was, of course, necessary to choose for the metal of 
these electrodes some material which would not form injurious 
salts of the metal in the mouth of the operator. This limited 
the available metals to gold, platinum, or silver. Because of 
the prohibitive cost of the first two, silver was selected for use in 
these tests. 

Two electrodes were made of sheet silver about 0.016 inch 
(0.04 cm.) thick, 0.5 inch (1.27 cm.) wide, and 2 inches (5.08 cm.) 
long. They were separated by a piece of insulating material 
about 0.25 inch (0.63 ст.) thick. The construction is shown in 
Figure 1. It was intended that the tongue should be placed 
between the electrodes. Wires were brought from each electrode 
so that they, might be connected to a source of potential. 


Insulator ` : 
M IMS 
XE Silyer Elecfroaes 


Connecting Wires 


FIGURE 1 


A few tests were made to determine the best position, pres- 
sure, and size of contact for the electrodes. It was found that 
placing the tongue between the electrodes as originally intended 
did not give the most satisfactory results. For the tests using 
direct current and 60-cycle alternating current, it was found 
better to have the electrodes slipped over the upper front teeth 
rather than the tongue. In this way one contact touched the 
inner part of the upper lip, while the other could be conveniently 
touched by the tip of the tongue. All the taste sensation was 
then confined to the tip of the tongue, which was found to be by 
far the most sensitive region in the mouth. The electrode 
touching the upper lip acted merely as a means for connecting 
that side of the circuit to the mouth. 

In later tests made when using signals from а buzzer 
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source, and signals from an antenna, it was found that the 
arrangement of electrodes just described was apt to cause painful 
sensations in the operator’s front teeth. In an effort to prevent 
this, another disposition of the electrodes was tried. This was 
to have the ends of both contacts touch the tip of the tongue. 
This arrangement was found to give very good results. It had 
been tried previously when using the direct current and 60-cycle 
alternating current sources of potential, but had been found 
unsatisfactory, probably because of the relatively higher current 
and lower potential values common to such sources. 

In all cases the best pressure between tongue and electrodes 
was found to be a firm, but by no means heavy pressure. 

The electrodes should be small and should be close together 
so as to confine the taste sensation to a small area of the tongue 
and thus concentrate it. Two pieces of number 16 silver wire! 
0.5 inch (1.27 cm.) long, separated about 0.125 inch (0.31 em.) 
and partially imbedded in some insulating material would make 
very satisfactory electrodes for actual signal reception. The 
taste sensation should be obtained with the tip of the tongue, 
for this organ becomes increasingly insensitive toward its poste- 
rior portion. 

(b DIRECT CURRENT CIRCUIT 


The cireuit and instruments used in the d.c. tests are 
shown in Figure 2. Storage cells were used as the source 


Electrodes. 


Key 
FIGURE 2 


of potential. The potentiometer was a 160-ohm sliding con- 
tact resistance connected as a potentiometer. The voltmeter 
had a range of 0-2 volt, and the milliammeter had a range of 
0-1 milliampere. The contacts of an omnigraph could be 
substituted for the key shown in the figure. 


1 Diameter of number 16 wire = 0.05 inch = 0.013 em. 
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(В) OBSERVATIONS 


The first test that was made was to determine the constant 
potential necessary to produce the least noticeable taste sensa- 
tion. It is quite probable that this potential would vary with 
different individuals, and possibly with the same individual at 
different times. The value necessary for the observer was 
V =0.4 volt. For this potential, the current thru the tongue, 
as indicated by the milliammeter, was 0.01 milliampere. Tests 
were then made at higher potentials, the results obtained being 
as follows: 

V20.75 volt. The tests made indicated that signaling 
would be impossible at this potential. The element of fatigue 
was strongly noticeable at this voltage. It was found that if 
the key were kept depressed for 5 seconds, it was impossible to 
detect the opening and closing of the key immediately after the 
continuous current period. In fact, it was generally necessary 
to rest for about 10 seconds before the opening and closing of 
the key could be again clearly noted. "The current at this poten- 
tial was about 0.02 milliampere. On first closing the key it is 
probable that the current was of the order of 0.1 milliampere 
for a short time. It fell quickly, however, to the lower value. 
This effect was probably due to the polarization phenomena 
which will be described later. 

7—].0 volt. Using this potential it was found that the 
opening and closing of the key could be detected after an almost 
indefinite period of continuous current. It should be noted here 
that while it is stated that the opening and closing of the key 
could be noted, it was really only the closing that produced a 
noticeable sensation. With the potentials used up to this point, 
it was not possible to note the actual opening of the key by 
noticing the cessation of the taste sensation. The current at 
this potential was approximately 0.05 milliampere. Оп first 
closing the key it was probably about 0.2 milliampere. 

V=1.5 volts. Using this potential it was just possible to 
note the time of opening the key after a period of continuous 
current due to the cessation of the taste sensation. The current 
at this potential was approximately 0.1 milliampere. On first 
closing the key it was probably 0.2 milliampere. It would be 
possible to transmit signals very slowly (about 2 words per 
minute) at this potential. 

V =2.0 volts. The taste sensation obtained with this poten- 
tial was considered sufficient for the practical transmission of 
signals. The probable speed of transmission would not be over 

209 


10 words per minute, and possibly no higher than 5 words per 
minute. The current at this potential was approximately 0.25 
milliampere, and slightly higher than this on first closing the key. 


(C) Notes on TASTE SENSATIONS 

It 1s proposed to give herein the physiological effect of this 
method of reception on the operator, and to discuss certain 
electro-chemical phenomena in connection with the mouth 
electrodes. 

It was noted that the taste sensation was more pronounced 
on first closing the key than after the key had been held down 
for some length of time. This was probably due to fatigue of 
the taste nerves on continuous excitation, and also to a partial 
polarization of the cell formed in the mouth. This latter effect 
would cause a decrease in the current, and thus а weaker sensa- 
tion of taste. "The fact, noted before, that the current was appar- 
ently higher on first closing the key seems to indicate that polari- 
zation was the deciding factor in this phenomena. This leads 
to the suggestion that alternating current might give better 
results than direct current as the source of potential, as the former 
would be free from polarization effects. It was found that the 
positive mouth electrode became blackened by a coating of 
oxide where the tongue made contact with it. As the other 
electrode did not become blackened at all, the nature of the 
polarization 1s clearly shown. 

It will be remembered that in these preliminary tests 
one electrode made contact with the upper lip and the other 
was touched with the tongue. In the tests made so far, the 
latter had been connected to the positive pole of the battery. 
To determine whether the polarity of the tongue electrode would 
make any difference in the characteristics of the taste sensation, 
the polarity of the source of potential was reversed. It was 
found that the sensations were slightly less distinet when the 
negative pole was connected to the tongue electrode. 

After this test the polarity of the electrodes was changed 
back to the original arrangement, and it was found that a much 
larger current now flowed in the mouth electrode circuit. than 
had been obtained previously, using 2.0 volts potential. The 
current now obtained was 0.4 milliampere instead of the 0.25 
milliampere previously recorded. On keeping the current on 
continuously it was found that the meter indicated a slow fall 
in the value of the current until the former value was approached. 
From this we conclude that the polarity of the electrodes 
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had been reversed until the polarization of the cell in the mouth 
was such that it assisted the flow of current. After the current 
had flowed for a time, however, the polarity of the mouth cell 
became again reversed, and by opposing the battery potential, 
caused the value of the current to fall. 

In connection with the increase in current just described, 
a peculiar effect on the sight of the operator was observed. On 
closing the key the operator noticed an effect which, at first, 
made him think that the lights in the room were flickering. On 
further investigation, however, it was noted that the apparent 
flicker of the lights occurred only when the key was closed. As 
nearly as could be determined, the effect of this relatively large 
current passing thru the mouth was to cause the iris of the 
operator's eyes to contract momentarily, thus giving the effect 
of a flickering of the lights in the room. A slight effect of a 
similar nature was noted on opening the key. 

In connection with the reading of signals by taste, it was. 
noted that the greatest difficulty was experienced in reading 
dots which were immediately preceded by dashes. The letter 
“e” (—.—.) was especially difficult to receive for this reason. 


2. Tests Usine 60-CycLE ALTERNATING CURRENT 
` (А) APPARATUS 


The source of potential used was a 110-volt, 60-cycle gener- 
ator. The’ circuit used is shown in Figure 3. The potential 
was impressed across the 160-ohm non-inductive ‘resistance 
shown as Ё' in the figure. As the potentials needed in these 
tests were of the order of 1 or 2 volts, a second resistance, R”, 


R' R” 
160 A 


non- tnductive 
Resistance 


160 
л. 


non- 
(nd. 
ras. 


110 volts 
А.С. 


Electr. es 


FIGURE 3 


was shunted around a portion of R’. As there was no а. с. 
voltmeter available for this work, which could be used to meas- 
ure 1 or 2 volts, the potential impressed across R” was measured 
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by ап а. с. voltmeter having a range of 0-50 volts, and the poten- 
tial impressed on the mouth electrodes was calculated. As R” 
was Just 15 inches (38 cm.) long (actual resistance wire winding), 
a potential of 15 volts was impressed across it. Thus there was 
a potential drop of one volt per inch of length along the winding. 
R” was wound non-inductively like R’. As the amount of cur- 
rent taken by the mouth electrode circuit was small (not more 
than 0.5 milliampere) and as great accuracy as to the value 
of the potential was not essential, this method gave a value which 
was sufficiently exact for our purpose. No attempt was made 
to measure the current in the mouth electrode circuit. 


(B) OBSERVATIONS 


Tests were first made to determine the lowest alternating 
potential with which it was possible to obtain a taste sensation. 
This was found to be with approximately V =0.5 volt. 

V=1.0 volt. Using this potential it was found possible to 
note the time of opening the key after a period of continuous 
current, by the cessation of the taste sensation. It would be 
possible to transmit signals very slowly at this potential. The 
definiteness of the signal in this case was about the same as that 
obtained using 1.5 volts d. c. It is hard to compare the two 
directly, for as will be described later, the nature of the taste is 
rather dissimilar for the two types of current. 

V=1.5 volts. The taste sensation obtained using this poten- 
tial was considered sufficient for practical transmission at a 
rate of 5 words per minute. | 

Higher speeds than this (10 words per minute) might possibly 
be obtained by using higher potentials. It is probable, however, 
that this increase in speed would be due to the operator’s ability 
to read by muscular reaction instead of the sense of taste. As 
will be described later, this phenomenon of muscular reaction 
was quite noticeable at the higher potentials. 


(C) Notes on TASTE SENSATIONS 


The taste sensation accompanying the use of an alternating 
current source of potential differed from that obtained using 
direct current in the following ways: 

1.—The element of fatigue did not seem to be so noticeable 
when using a.c. This may have been due to a slight variation 
of the taste with the alternations. 

2.—The taste sensations did not appear to be any stronger 
than those obtained using the same potential d. c. However, 
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it is probable that at the peak of each wave a larger current 
flowed than was the case with the d. c. The lack of any polari- 
zation phenomena with a. c. would lead to the belief that a some- 
what larger current would be passed. The taste sensation was 
more continuous in its intensity when using а. c. than when 
using d. c. 

3.—Combined with the taste sensation was the natural mus- 
cular reflex common to a. c., which was felt as a trembling in the 
tongue. At the higher voltages this was more noticeable than at 
the lower voltages. At 0.5 volt it was almost unnoticeable. It 
is probable that this muscular reaction was the principal reason 
for the taste sensations seeming to be more constant in inten- 
sity with a. c. than with d. c. 

The more constant character of the taste sensation, com- 
bined with the slight muscular reaction obtained with a. c., 
made it possible to read signals, using a lower potential than was 
required with the d. c. 

At higher potentials (2.0 to 3.0 volts) the same effect on the 
operator’s eyes was noted that has been mentioned under the sec- 
tion on d.c. tests. Asin the former case, the phenomenon was due 
to large values of current thru the mouth electrode circuit. In 
the a. c. tests a slight difference in the effect was noted. The 
operator not only noted a quivering of the eyes on first closing 
the key, but also a constant quivering as long as the key was 
held down. It was also noted that, for the same potential, the 
effect on first closing the key was not so marked as with д. с. 


(D) REMARKS ON SIGNALS RECEIVED UsiNa 60-CYCLE 
ALTERNATING CURRENT 


The highest speed which the operator found it possible to 
recelve by taste reception was 5 words per minute, and in order 
to do this it was necessary to become accustomed to this method 
of receiving, for it is quite dissimilar to audio-reception. It is 
possible that with sufficient practice an operator might be able 
to receive at a rate of 10 words per minute by taste reception. 
It is doubtful, however, if the speed could be increased much 
above that. The reason for this is what might be called the 
“lag” of the taste nerves. It has not been possible to determine . 
whether this is due to an actual sluggishness in the nerves, or a 
mechanical inertia of the liquids in the mouth. It should be 
noted that a certain time is required for the chemicals which cause 
the taste sensation to form between the electrode and the tongue, 
and then that a further small period of time is necessary for them 
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to be dissipated after the forming current has ceased. Regard- 
less of the exact nature of the phenomenon, however, the fact 
is easily demonstrable that a fraction of a second elapses bet ween 
the time the circuit is closed and the moment when the sensa- 
tion of taste is first noted. Furthermore, a similar period may 
be noted after the current has ceased, when the taste sensation 
` still persists. As nearly as could be ascertained, this time lag 
is from 0.25 to 0.5 a second. The effect of this is to slow down 
the permissible speed of signal transmission. It also necessi- 
tates a special type of sending. The dots and dashes must be 
of greater length than in ordinary transmission, and the spaces 
between the dots and dashes of a single letter must be longer 
than usual. As a consequence, of course, the spaces between 
letters and words must be correspondingly increased. All of 
these requirements limit the possible speed of reception. 


3. CALCULATIONS TO DETERMINE THE PRACTICABILITY OF 
TASTE RECEPTION FROM AN ENERGY STANDPOINT 


"То determine whether it would be possible to use the taste 
receiver for the reception of actual radio signals, calculations 
were made on the basis of the data obtained in the d. c. and 
a.c. tests, to ascertain if the amount of energy ordinarily avail- 
able in a small receiving antenna could be sufficiently amplified 
to be used for taste reception. 

It has been found that the current in a 25-ohm antenna, 
necessary to produce unit audibility in the telephones, using a 
crystal detector, is 5 microamperes. Аз а basis for calcula- 
tion, a signal giving an audibility of 1,000 was selected. The 
current in the antenna system for such а signal would be ap- 
proximately 30 times that necessary for unit audibility, or 
150 х 10 -%трегеѕ. 

In order to determine the voltage and energy amplification 
required to permit such a signal to be tasted, it was now neces- 
sary to ascertain the potential and energy available in the second- 
ary or detector circuit. 

Calculation showed that such a signal corresponded to an 
energy in the secondary circuit of approximately two-tenths of 
a micro-watt. 

In the tests using direct current and 60-cycle alternating 
current it was found that about 2.0 volts potential was necessary 
for workable taste signals. The measurements made with d. c. 
indicated that this potential produced a current of about 0.25 
milliampere in the mouth electrode circuit. In other words, 
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the energy necessary for readable taste signals was about 500 
micro-watts. 

Comparing these values with those of the actual signal as 
found above, it is seen that the necessary voltage amplification 
is 50 times, and that the energy amplification is 2,500 times. 
As it is possible in practice to obtain voltage and energy ampli- 
fications of this order, there was justification for further investi- . 
gation of the taste receiver, using actual signals as the source. 


III. Tests MADE WITH RADIO FREQUENCY SIGNALS 


1. USING SIGNALS FROM A BUZZER SOURCE 
(A) APPARATUS 
(a) CIRCUITS 
It was decided to try signals from a buzzer source first, as 


these could be easily obtained and controlled. Accordingly, 
the circuit shown in Figure 4 was set up. 


7 Omnigrap h. 60% 


Audio Freq. 


Output — 
Transformer 
Ы < 
Electrodes. ` 
FIGURE 4 , 
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The circuits were tuned to a wave length of approximately 
600 meters. The detector used Was а vacuum tube. . The | 
plate potential employed was 60 volts. The capacity of the, 
grid condenser was 0.005 иї., and the leak resistance between 
the grid and the plus side of the filament battery. was 500,000 
ohms. The amplifier used was a two-stage , transformer-coupled 
amplifier giving a total voltage amplification of 150 times. The 
transformer between the amplifier and the mouth electrodes 


will be described later. An omnigraph was used. in. the usua]... и 


way in the buzzer circuit to produce signals. 
It was found necessary to ground the plus TE of the 
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filament battery to prevent the amplifier from howling. The 
amplifier bulbs were lit from the same battery as the detector 
bulbs. Separate plate batteries were used, however. 

It was necessary to place the buzzer circuit across the room 
from the detector and amplifier circuits, because when placed 
nearby, the buzzer induced strong audio frequency currents 
in the amplifier circuits. The inductance coil of the receiving 
circuit was coupled to the buzzer inductance, and twisted leads 
were run across to the receiver circuit. 

In these tests, the electrodes were placed about 0.125 inch 
(0.3 cm.) apart and touched to the operator’s tongue. This 
was found to give better results for the reception of radio fre- 
quency signals than the method employed in connection with 
the 4. с. and a. с. tests. 


(b OUTPUT TRANSFORMER 


It was of course, impossible to connect the taste elec- 
trodes across the output terminals of the amplifier as the d. c. 
plate current of the last amplifier bulb would then pass thru 
the operator’s tongue. It was, therefore, necessary to find a 
suitable transformer so that only the audio frequency а. с. would 
be obtained in the taste electrode circuit. 

The following transformers were tried after consideration of 
the requirements: 

Century Telephone Company, Air Core Transformer, number 
CAC 1013A. 

Federal Telegraph and Telephone Company, Type 226W 
Transformer. 

Western Electric Company, number 5 Induction Coil. 

Western Electric Company, number 26A Repeating Coil. 

In testing these transformers the following facts were noted: 

A step-down ratio of transformation was necessary from the 
last step of the amplifier to the taste electrodes. 

In the detector circuit, or with only one stage of amplifica- 
tion, a 1-to-1 ratio was best. As would be expected, the higher 
the amplification, the greater the necessary lowering of the volt- 
age for proper reception. 

The requirements of the taste receiver seemed to neces- 
sitate the use of a power transformer, that 1s, one capable of 
handling considerable energy while acting as a potential trans- 
former. 

The following figures give the relative strength of the taste 
sensation obtained, using the four transformers mentioned above, 
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taking the intensity given by the Federal Company’s transformer 
as 5: 
Western Electric Company, number 5 Induction 


Coil (теуегвей)............................. 0 
Century Telephone Company, number CAC 1013A 

(зїер-Чозеп)................................. 1 
Western Electric Company, number 26А Repeat- 

ing Coil (step-down 3-t0-1)................... 4 
Federal Telegraph and Telephone Company, 

Type 226W (ѕёер-дӢомп)............:......... 5 


As the Type 226 W Transformer of the Federal Company 
gave the most satisfactory results, it was used in the tests 
which are described below. 


(B) OBSERVATIONS 


The coupling between the buzzer circuit and receiving circuit 
inductances was increased until a taste sensation was obtained 
which was of the proper strength for signaling. Measurements 
were then made of the audibility of the signal in the detector 
circuit by the usual shunted telephone method. In making the 
measurements a pair of Western Electric Company Type P-11 
telephone receivers were used. These telephones have an impe- 
dance of 22,000 ohms at 500 cycles. A decade resistance box was 
used to shunt the telephones. It was found that the signal of 
the proper intensity after two stages of amplification to permit 
of reception by taste, had an audibility of 500 in the detector 
circult. 

It was thought that a possible increase in the intensity of the 
taste sensation might be brought about by tuning the mouth 
electrode circuit to the audio-frequency tone of the buzzer. 
Values of capacity from 0.05 zf. to 4.0 uf., were tried in series 
with the transformer winding and mouth electrodes. With a 
condenser of 1.0 uf. capacity in series, the taste sensation was of 
the same intensity as when no capacity was in the circuit. With 
all other values, however, the insertion of the condenser decreased 
the intensity. 


2. Usina SIGNALS FROM AN ANTENNA 
(A) APPARATUS 
For the purpose of receiving outside signals, an ordinary 
inductively coupled vacuum tube receiver was employed. The 


antenna used was a single wire, 150 feet (45.8m.) high and 
180 feet (54.9m.) long. It was found necessary to use four 
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stages of audio-frequency amplification in order to get taste 
sensations of the proper intensity. Two sets of two-stage 
transformer-coupled amplifiers were connected in cascade. By 
separating them about ten feet (3m.), it was possible to get 
rid of the howling tendency sufficiently for the purpose of 
taste reception, provided the operator, who was connected 
to one amplifier, did not go too near the other. The reason 
for needing a greater amplification in this test than in the 
tests using buzzer signals was probably that the antenna used 
had a very high resistance, and thus altho the voltage amplifica- 
tion obtained with a two-stage amplifier would have been suffi- 
clent, the actual energy available at the end of the second step 
was not sufficient for taste reception. 


(B) OBSERVATIONS 

With four stages of amplification it was possible to get taste 
sensations from all signals, the audibility of which in the detector 
circuit was 500 or more. The higher the audibility of the signal, 
the stronger was the taste sensation produced. The strongest 
signal received had an audibility of 5,000 in the detector circuit. 
The taste sensations resulting from this signal were not strong 
enough to cause discomfort for the operator. Whether or not 
a signal might be obtained of sufficient intensity to cause discom- 
fort to the operator, would depend on the amount of energy which 
the last stage of the amplifier could handle. 

As the signals received were commercial messages, their speed 
prevented them from being read by taste reception, but the 
intensity was sufficient to permit of their having been read had 
the sending been slower. It was found possible to tune in a 
station by noting when the intensity of the taste sensation was 
greatest. It was also noted that a slight difference existed 
between the taste sensation produced by a 240-cycle spark 
transmitter and a 500-cycle spark transmitter. "The difference 
was not sufficient to permit of one being received thru the other, 
as could be done with audio-reception. It would be impossible 
to read thru interference with the taste receiver unless one signal 
was quite strong and the other almost unnoticeable. Strong 
strays would probably cause signals to become unreadable. 

IV. CONCLUSIONS 
] ELECTRICAL ASPECTS 

From the point of view of electrical operation, taste reception 

is possible. It is possible to amplify sufficiently a signal having 


218 


ап audibility of 500 in the detector circuit, to cause it to produce 
taste sensations. It 18 possible to read signals by the sense of 
taste if they are sent at a slow speed (about 5 to 10 words per 
minute). 


2 MECHANICAL ASPECTS 


At best, the mechanism of taste reception is unpleasant for 
the operator. A pair of head telephones which may be adjusted 
snugly to the ears are greatly superior in point of physical com- 
fort to a pair of electrodes which must be held in the mouth, 
pressed against the tip of the tongue. There is also the disad- 
vantage of the slow speed of transmission necessary for taste 
reception. 

3 PHYSIOLOGICAL ASPECTS 


The nerves of taste become fatigued by continued stimula- 
tions, and this will necessitate an increasingly higher amplifica- 
tion of energy if the operator is to be on duty for any consider- 
able length of time. The effect on the operator’s eyes of con- 
tracting the iris when very strong signals are received would be 
very disadvantageous, especially in airplanes. The taste sensa- 
tion is a sour stinging taste which is far from pleasant. With 
high amplification and strong signals or strays, the taste sensa- 
tions might be so strong as to be distinctly objectionable. 


4 PSYCHOLOGICAL ASPECTS 


Since the time when the progenitors of the human race began 
to communicate with each other by different sorts of sounds, the 
natural mode of communication between individuals has been 
by means of sounds. Thus the ear has become the organ which 
is developed from babyhood for the especial purpose of receiving 
intelligence. It is only natural, therefore, that this sense should | 
be easily adaptable to the receiving of telegraphic signals. Its 
highly developed power of selectivity enables it to read only one 
of a number of signals or noises which may be heard at the same 
time. 

The other sense by means of which intelligence is communi- 
cated, that is, sight, is valuable particularly because of its de- 
velopment in reading. In this way it often may be used to 
partially take the place of the sense of hearing, as in the case of 
lip reading employed by deaf persons. For the purpose of 
mechanical signaling it is useful in its ability to read from a tape 
record, and possibly also from the flashing of a light. 

The sense of taste is naturally unfitted, because of lack of 
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previous training ‘along such lines, for the task of associating 
impulses sent to it with the necessary accurate motor responses 
required for the copying of transmitted intelligence. In making 
the tests which have been described, it was noted that great 
concentration of thought, upon the sense in question, was required 
in order that the nature of the received impulses might be noted. 
This indicates that the association is a difficult and unnatural 
one. Furthermore, it should be noted that if great concentra- 
tion is necessary in order to receive by this method, it certainly 
would be impracticable in an airplane where the noise would 
effectively prevent concentration. 

With the amplifications &nd signal intensities used in the 
tests on taste reception, it would be possible to read signals by 
audio-reception in spite of any strength of interfering noise which 
the ear of man could endure. 

In conclusion we wish to thank Mr. Carl Dreher of this 
Laboratory for his assistance in making the signal speed tests. 


Research Department, 
Radio Corporation of America, 
December 31, 1919. 


SUMMARY: The purpose of this research was to determine the feasi- 
bility of reception of radio telegraphic signals by the sense of taste. 

Electrodes were made which could be placed against the tongue in such 
а way as to cause a taste sensation when a source of potential was connected 
to them. Tests were made, using low potential direct current and 60-cycle 
alternating current to ascertain the amount of energy and potential necessary 
for taste reception. 

Tests were then made, using signals from a buzzer source. By employ- 
ing a two-stage transformer-coupled audio-frequency amplifier it was possible 
to obtain taste sensations from a signal having an audibility of 500 in the 
detector circuit. The possible speed of transmission appeared to be limited 
to a maximum of about 10 words per minute because of the characteristics 
of the taste organs. 

Finally, the reception of actual signals from an antenna was tried. It 
was found possible by using four stages of amplification to obtain taste sensa- 
tions from all signals the audibility of which was greater than 500 in the 
detector circuit. 

The results obtained thus indicate that from an electrical standpoint it 
is possible to receive radio telegraphic signals by the sense of taste. When 
compared to the sense of hearing or even of sight, however, the sense of taste 
is much inferior as a means for receiving intelligence. 
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DISCUSSION 


Greenleaf W. Pickard: Messrs. Goldsmith and Dickey have 
undoubtedly broken new ground in their work on physiological 
reception of radio signals, and altho the results thus far obtained 
do not indicate that their method will generally replace aural 
reception or the more recent Hoxie recorder, it is certainly within 
the bounds of possibility that some such form of reception may 
develop into a practical thing for special cases of reception. 
The suggestion of physiological reception is one of some antiquity. 
In 1894 Lodge said! “It is just conceivable that at some distant 
date, say by dint of inserting gold wires or powder in the retina, 
we may be enabled to see waves which at present we are blind to.”’ 
Some eight years later, A. F. Collins stuck platinum needles 
into the brain of an etherized cat, which then twitched syn- 
chronously with the excitation of a near-by Hertzian oscillator.? 

In discussing the pioneer work of this character, one is tempted 
to go beyond the confines of the paper itself, and to consider 
the possibilities of physiological signal reception by the various 
senses. At the outset, one is impressed by the fact that the 
peripheral sense organs of sight, hearing, taste, and smell are 
very similar in size and appearance. 

In Figure 1, I have shown the peripheral sense organs of sight, 
hearing, taste and smell. In each case the sense organ consists 
of a cell-body a, with a nucleus b, a peripheral process c, which 
in the sense organs of hearing, taste and smell terminates in one 
or more hair-like filaments, and a central process d thru which 
the sense organ is connected to the nervous system. The 
stimulus is in each case received by the peripheral process c, 
and then, by some as yet unknown mechanism, it is transformed 
into an equally unknown pulse which travels rather leisurely— 
about 30 meters (100 ft.) per second—thru the nervous system. 
The transmission of a nervous impulse appears to be a chemical 
process; a. sort of sudden evanescent increase in the normal 
metabolism of the nerve. 

Whatever the mechanism of the action, the amount of energy 
required for a perceptible sensation is impressively small. In 
Figure 2, I have given a table for the four senses under considera- 
tion, and in the second column of this table is the ''threshold" 
value of the stimulus energy required to excite the sense. 

Sight appears to be our best sense, so far as energy relations 
go, and it is interesting to note that it is exactly on a par with the 

! “London Electrician," June 22, 1894, page 204. 

? “Electrical World and Engineer," February 22, 1902, pages 335-338. 
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HEARING 


Minimum to| Perception | Words рег 
Excite Sense, Interval Minute 


0.1 sec. 9 to 13 

0.007 “ 30 to 40 
Табе SRS 1? 2? 
Smell............. 1? 1? 


FIGURE 2 


oscillating audion as a detector, which also requires 10 7® erg/'sec. 
for unity audibility. Taste and smell, similarly, are of the same 
order of sensitiveness as the crystal detector, altho our measure- 
ments of their sensitiveness are far less accurate than with sight 
or hearing. If, therefore, we could effectively use our received 
signal energy to stimulate our senses, they would be surprisingly 
good detectors per se. It is within the bounds of imagination at 
least that investigation will solve the problem of effectively 
applying the energy, preferably without а major surgical opera- 
tion, or even Lodge's suggested retinal stitching and powdering. 
The sense organ of the ear is unfortunately rather deeply buried, 
otherwise one might speculate on the possibility of direct physio- 
logical reception in radio-telephony. 

During the discussion, Mr. George Clark has pointed out 
that the actual speed of reception by light signaling is often 
greater than that given in my table. But the higher speeds of 
visual reception are only obtained by moving the image point 
about on the retina, thus spreading out the dots and dashes into 
a string of after-images, which may be interpreted at leisure—the 
word ''leisure" here being used in a strictly relative sense, mean- 
ing merely the few tenths of а second that the after images last. 
Where the image of the signal light falls steadily on one spot 
on the retina, I do not believe that a greater speed than about 
ten words per minute can be obtained. Similarly, my table 
gives the approximate speed in words per minute for pure taste 
reception, as determined on my tongue with alternating sweet 
and bitter tastes. In the work described in this paper, I believe 
that the sensation utilized must have been in reality а complex 
of taste and electrical shock. The few tests which I have so far 
made with signal reception by pure shock indicate that the speed 
is quite high, perhaps of the order of ten words per minute or 


——— 


3 “Speeds in Signaling by the Use of Light," W. E. Forsythe, “Physical 
Review," July, 1920, pages 62-64. 
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more. It has been mentioned in the discussion of the paper 
that some form of physiological reception involving the tongue 
was used by telegraph operators during our Civil War, and at 
speeds approximating those of ordinary wire working. I have 
no doubt but that this was principally a matter of electrical shock, 
as the potentials involved were certainly high enough, when 
directly applied to wet and sensitive tissues. 

In conclusion, it occurs to me that a form of local energy 
(not the heterodyne) might be applied to physiological reception. 
Some years ago Professor Fessenden suggested the use of a 
Poulsen telegraphone as a detector, in which the steel wire 
carried a continuous audio-frequency record, which was obliter- 
ated by the received signals, so that by sending inverted morse, 
that is, the spaces instead of the characters, a reversed and 
readable record was obtained. It is possible that something of 
this sort might be applied here. It seems that high frequency 
currents act rather to dull and inhibit the action of nerve and 
muscle than to stimulate, so that by superposing the signal upon 
some form of continuous local stimulus (not necessarily electrical), 
it might be possible to increase the speed and sensitiveness of the 
method. ! 


A SYSTEM FOR MEASURING THE AMOUNT ОЕ 
STATIC* 


By 
AUSTEN M. CURTIS 


(WESTERN ELECTRIC COMPANY, NEW YORK) 


It is necessary in studying systems for the elimination of 
static to have some means for measuring the relation of static 
to signals. The method of estimating the efficiency of various 
receiving systems by the percentage of errors in reception caused 
by static is not particularly accurate, as different operators do 
not have the same ability to read thru static. Large momentary 
variations in the intensity of static make its measurement by the 
shunted telephone method of doubtful value. The following 
method of time integration was devised in an effort to measure 
the average amount of static. | 

The circuit used is shown in the accompanying sketch. An 
audiofrequency transformer is connected in series with or in place 
of the telephones of any type of receiving set. The static, which 
has been converted into audible frequency waves by the de- 
tector, 18 passed into a vacuum tube valve or combination of 
valves at an increased voltage, and completely rectified. The 
resultant direct current pulses are used to charge a very large 
condenser, which is discharged slowly thru a galvanometer in 
series with a high resistance. If the condenser and the resistance 
are large enough, the static will cause a reasonably steady deflec- 
tion of the galvanometer. This deflection will depend on the 
average intensity and frequency of occurrence of the static during 
a time which is short compared to the time constant of the 
galvanometer circuit. For instance, if 100 microfarads and one 
megohm are used, the deflection produced by a single crash of 
static will drop to about one-third its initial value in one hundred 
seconds. Where the usual static, which occurs in crashes every 
few seconds, is concerned, smaller capacities and resistances will 
give satisfactory measurements. 

With a pivot galvanometer giving one division for two micro- 


* Received by the Editor, May 19, 1920. 
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amperes, a capacity of 40 microfarads and 500,000 ohms resist- 
ance, it is possible to make satisfactory readings of the static 
on a receiving system with several stages of amplification. With 
a galvanometer of higher sensitivity, the time constant may be 
made larger and steadier readings obtained. A practical limit 
is put on the attainable time constant by the leakance of com- 
mercial paper condensers, which is of the order of 2,000 megohms 
per microfarad. 


RECEIVING AND 


FIGURE 1—System for Measuring the Quantity of Static 


It seems probable that the use of this system of static measure- 
ment would enable a reliable determination of the direction from 
which static comes to be made on a single loop receiving system. 
It would, of course, be necessary to listen in every minute or two, 
to see that the readings were not influenced by signals of an in- 
tensity comparable to the static. 

It is also possible to standardize static measuring systems of 
this type and establish a basis for comparison of the amounts 
of static received at different stations at the same time. It 
would be necessary to apply to the detector of each station, at 
various frequencies, а wave modulated in a known amount at 
a known voltage. The amplification at each station might then 
be adjusted until the same deflection was produced in the static 
measuring system of each station by a given voltage applied to 
the detector, or the ratios of the detector voltages necessary to 
produce the same deflections at the same wave lengths in the 
various stations might be used to reduce the static readings to 
a common basis. The calibration might be made by an ordinary 
. oscillating circuit excited by a carefully adjusted buzzer, prefer- 
ably of a low vibration frequency. 
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SUMMARY: Amplified and rectified enerzy from static is stored їп a large 
condenser in the output circuit of a vacuum tube. The condenser discharge 
current thru a high resistance and sensitive galvanometer wil, under given 
conditions, be a measure of the average static. The experimental arrange- 
ments are described, as to calibration and actual use. | 
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ON THE POULSEN ARC IN COUPLED CIRCUITS* 


By 
P. O. PEDERSEN 


(PROFESSOR IN THE ROYAL TECHNICAL COLLEGE, COPENHAGEN) 
1. INTRODUCTION 


The Poulsen are generator in connection with coupled cir- 
cuits has been used by V. Poulsen! at a comparatively early date. 
Rather close coupling was often used by him in his radio tele- 
graphic tests,? whereas he usually employed comparatively loose 
coupling in the series of tests by which long distance radio 
telephony? was, for the first time, shown to be feasible. 

Arc oscillations in coupled circuits have been the subject 
of a number of laboratory investigations as well as of theoretical 
studies. In this connection may be mentioned the investiga- 
tions on musical (audio frequency) arcs by E. Taylor Jones,‘ 
E. Taylor Jones and M. Owen,» E. Taylor Jones and D. E. 
Roberts? and S. Subkis; and on radio frequency ares by 
P. O. Pedersen? and Hidetsugu Yagi.? 

The author himself carried out a series of investigations on 
the Poulsen arc in coupled circuits in the autumn of 1918. He 
employed for these investigations, among other arrangements, 
the one shown in Figure 1 where L, is considerably larger than 


*Received by the Editor, April 10, 1920. 

! See U. S. Patents, numbers 789, 449 and 793, 608; filed June, 1903. 

2 V. Poulsen: “Ein Verfahren zur Erzeugung ungedampfter Schwing- 
ungen und seine Anwendung in der drahtlosen Telegraphie," “Elektrotech. 
Zeitschrift," pages 1040-1044, 1906 (Figure 8). 

$ V, Poulsen: “La téléphonie sans fil" “Rapport officiel au Congrés 
international des applications électriques," Turin, 1911. 

4E. Taylor Jones: ‘Electrical Oscillations in Coupled Circuits," ‘Phil. 
Mag. , (6), volume 17, pages 28-43, 1909. 

| Тау lor Jones and М. Owen: “Musical Arc Oscillations їп Coupled 
Circuits," “Phil. Mag.," (6), volume 18, pages 713-722, 1909. 

‘FE. Tavlor Jones and D. E. Roberts: “Phil. Mag.,” (6), volume 20, 
pages 660-663, 1910. 

TBS. Subkis: “Der Einfluss der Koppelung bei langsamen ungedámpften 
Schwingungen," "Jahrbuch d. drahtlosen Telegraphie,” volume 5, pages 
507-513, 545-563, 1912. 

8P. O. Pedersen: “Beiträge zur Theorie der drahtlosen Telephonie," 
‘Jahrbuch d. Drahtlosen Telegraphie," volume 5, pages 449-498, 1912. 

? Hidetsugu Yagi: “Are Oscillations in Coupled Circuits,” PROCEEDINGS 
OF THE INSTITUTE OF RADIO ENGINEERS, volume 4, pages 371-388, 1916. 
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Lz’, and he obtained a current Ia in the secondary circuit 2 to 3 
times larger than the current J; in the primary circuit (arc- 
circuit), whereas I, at. the same time kept its normal value 


V: Io, where Io is the supply current. (During these tests 


the wave-length was 427,700 m., the resistance R:=3 to 4 
ohms, and the capacity C.=32,000 cm. or 0.036 microfarad.) 
These tests were discontinued in order that some investigations 
on the arc generator proper might be carried out, and it is hoped 
to get the opportunity later on of publishing, in another paper, 
the results thereof. Before discontinuing the above-mentioned 
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tests, there had, however, been carried out a series of investi- 
gations on а special arrangement of coupled circuits which is 
shown in Figure 2 and which, as far as I am aware, has been 
introduced by L. F. Fuller'! and by Hartenstein'? independently 
of each other. 


2. INVESTIGATION OF THE CIRCUIT SHOWN IN FIGURE 2 


The distinctive feature of this diagram is that a condenser 
C» is inserted next to the arc, in series therewith and with the. 
aerial, and further that the arc and C; are shunted by another 
condenser C,. In the following treatment, С, is at times called 
the "shunt condenser" апа С» "series condenser.” If C, be 
disconnected, the diagram is reduced to the usual and simple 

1? P, O. Pedersen, (a) “Оп the Poulsen Аге and Its Theory," PROCEEDINGS 


оғ THE INSTITUTE OF RADIO ENGINEERS, volume 5, pages 255-316, 1917. 
(b) "Supplementary Note," volume 7, pages 293-297, 1919. 

1L. F. Fuller, U. S. Patent, number 1,179,353, filed April, 1913. 

1 H. Rein, "Lehrbuch der drahtlosen Telegraphie," second edition, pages 
182-183, 1917. 
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one merely containing an extra condenser C; inserted into the 
antenna. Тһе wave-length 2o ıs, in this case (in meters): 
n= 62° 10 VLC 4 am (1) 
С, C» 

By connecting the shunt condenser to the circuit the wave- 
length will assume a new value 4 being determined by the con- 
dition that the radio frequency circuit betwcen A and B must 
be in resonance for that wave-length. 
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FIGURE 2 


We will use the following symbols: n. 4— 310°; 2zn- о; 
М — 173; the antenna capacity = C; the impedance of the radio 
frequency circuit between A and B = 2; the admittance of the 
circuit a LC c= Ys; the admittance of the circuit a Cic = Ys. 

We have consequently 


CC - 0 LC: (C+C) 
i pct be Or) 
The circuit is in resonance for Z=0, from which it follows 
that 


Z (2) 


2 |С+С,+С; 
©" NLC (C+C) (3) 
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The length of the radiated wave in meters is, therefore, de- 
termined by 


С,-+ С» 
х 10°: a : 4 
VLC: CLOG, (4) 


which, in combination with (1), gives 


A С 
ho 1+ C; (С + Ci + C3) (5) 

It is evident that A is always larger than до, which, it seems, 
has not always been taken fully into consideration. 

In the above calculations no regard is paid to the resistances 
in the radio frequency cireuits, because these resistances are of 
very small importance in the determination of the wave-length; 
furthermore, the calculations would be very much complicated 
if the resistances were taken into account. 

We have carried out a series of measurements of sets of 
A and 2o in order to make sure that the above considerations 


hold good. The results of these measurements are shown in 
Table 1 below. 


TABLE 1 


A= 2o 


caleu- 


meas- | calcu- 
lated 


ured | lated 


Wm WTO س‎ 


13,800 

13,800 | 

13,800 1 1 °00 
13,800 35) 14,600 
13,800 14,600 


‚© ллы оросо о Ф о 


2 
8 
0 
1 
8 
4 
‚8 
8 
‚0 
3 


—— кы 
w 22 OAT Жы 


Taking into account that the values given above for the 
capacities of the condensers may be wrong by about 0.5 per cent., 
the measured values of 4 may be considered to agree quite sat- 
isfactorily with the values as calculated from equation (5). 
There can, consequently, be no doubt that the above calculations 
are correct, and that it therefore is possible to calculate in the 
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usual way how the radio frequency are current (wave-length 4) 
divides itself between the two circuits (a) Ja in aLCc and (b) 
Tp їп аС,с. If, as before, the resistances are not taken into 
account we obtain by means of (3) 

yr ULM ssp E CIR SS (6) 

]—wLC wL С 

and 

T ‚1 C++ С, 

Yy-jwoC,2j —, --— (7 

a dec c MEE ЕСЕ ) 


Furthermore, 


Yet Ve LEIG a 
From the above, we derive 

UNE: » 

; m Fer 7 С o 

“ „з= эе ы a 


We note that J and Ja are in phase, whereas J, is of opposite 
phase to J and Ja. 

It may not appear to be correct to disregard the resistances 
when the calculation deals with the distribution of the currents 
between the two circuits. The resulting error is, however, 
small; which may be shown as follows: 

In the above calculations the impedance Za of the circuit 
aLCe has been taken as 


Za =) ol CLO AC 
whereas the real value is 
C 
C4- 0-705 
If, in these equations, we take w=400,0C0, L 2107? henry, 
3 LoT ss — 
and CR NT ча "n we have 
Z,—j:100 and Z,'=R-+)- 100 
Assuming R=5 ohms (which is a comparatively high value) 
we obtain the ratio of the absolute values of the impedances 
Z, 100.1 
Za 100 
The difference between the true value of Z and the value 
used in the calculations is therefore only 0.1 per cent. 


Ла =R+jwL 


= 1.001 
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1f, therefore, the total radio frequency current is of the wave- 
length 4, that is, if no harmonics or other oscillations of a wave- 
length differing from 4 are present, it must be expected that 
the current will distribute itself according to equation (11). 
In Figure 3 are plotted the results of а series of measure- 
ments of the simultaneous values of the currents. Curve A 


FIGURE 3 


shows the ratio e between the antenna current and the arc 


Жез . Ib 
radio frequency current; curve B shows the ratio — between 
a 


the shunt current and the antenna current, and curve C shows 
the ratio + between the arc radio frequency current and the аге 
о 

direct current. The curves are plotted as functions of the capacity 
of the shunt condenser. (The other constants were: / = 5,400 m.; 
С = 13,800 cm.; С = 14,600 ст.; and R=about 3 ohms.) The 
corresponding theoretical curves, as based upon the equa- 
tions (9) to (11), are indicated by the curves A’, B’, and C’.. 

It will be seen that the measured curves differ to a con- 
siderable extent from the theoretical curves, the antenna cur- 
rents being much less and the shunt currents comparatively 
much greater than what they should be. The reason for this is, 
that in addition to the fundamental oscillation of wave-length 7, 
a series of oscillations with shorter wave-lengths are created, 
these latter being partly the higher harmonics of the fundamental 
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oscillation and partly the fundamental of the circuit 
arc—AaC\c—C, B—are. We have hitherto not taken the induc- 
tance of this circuit into our calculation; this omission is permis- 
sible only to a certain extent. The circuit will always contain 
some inductance and will, consequently, always have a definite 
fundamental oscillation. The wave-length of this oscillation was 
about 420 m. in the tests from which the curves in Figure 3 are 
plotted. 

The proof of the presence of these superfluous and, conse- 
quently detrimental oscillations of wave-lengths smaller than 4 
is: 


(1) That the ratio Z between the arc radio frequency current 


and the arc direct current is larger than V1 ол, this being 
the value of the ratio when only one oscillation is present.!? 
Figure 3 shows values of T up to 0.9 and more; the arc radio 
frequency current I is therefore far from being a sine curve. 

(2) The existence of oscillations of shorter wave-lengths 
than 4 is evident also from the following observation: 

During certain tests, а safety arrangement was inserted 
across the leads connecting the choke coils with the switchboard, 
the safety arrangement consisting of two sets of carbon filament 
lamps, each set in series with а condenser, the two condensers 
being connected to each other and to earth. When the capacity 
of C; was diminished, the lamps ceased glowing, or at any rate 
glowed very dimly, whereas the brilliancy increased with in- 
creasing Ci. 

(3) A further proof is that 5 is very much larger than what 


would be expected from formula (11); and this fact indicates 
especially that the fundamental oscillation of the shunt circuit, 
as mentioned above, is of great importance in this connection. 

(4) That the statement in the latter part of (3) is correct 
is finally proven by the oscillographic analysis of the voltage 
of the are as set forth below. 

Oscillograms of the arc tension e; have been taken by means 
of the method previously employed by the author.!* The 
oscillograms thus obtained showed the features indicated in 
Figure 4. Besides the normal peaks A (the extinction voltage) 


UP O. Pedersen, previous citation, (a). 
uP., O. Pedersen, previous citation, (a), page 285. 
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and В (the ignition voltage), a third peak С appeared, which 
latter, no doubt, is due to the arc current again decreasing 
to zero shortly after the ignition has taken place, or in any case 
decreasing to a very small value. That this is so is without 
doubt. due to the free oscillations in the shunt circuit of the short 
wave-length A» these oscillations being set up at the moment 
the discharge thru the arc commences anew. The correspond- 


i, 
| 


FIGURE 4 


ing current 7’, is also plotted in Figure 4. The arc current is 
composed of the direct current (supply current) 2+ the radio 
frequency current of wave-length 4 and of the corresponding 
higher harmonics (the sum of these latter is shown as the dotted 
line ab in Figure 4)+the current 7,’ of wave-length д. The arc 
current 7, resulting from all these currents is shown in Figure 4 
and fully explains the reason for the appearance of the extra 
peak C. 

The above described course of the arc tension is the simplest 
one of those observed. Several peaks may appear as shown 
by D in Figure 4, III; also C may divide itself in two by analogy 
to A and B. This latter condition takes place if the current 
at « (Figure 4, I) remains zero for some time, because in this 
case another separate extinction voltage and ignition voltage 
are created. 

Figure 5 shows one of the arc voltage oscillograms obtained. 

We have now in the main explained the action of the diagram 
(Figure 2). This diagram may evidently be considered as a 
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transformer arrangement, because the two circuits 
(1) are — Aa С.С –аге and (2) are—AaLCcC2—are are coupled 
together by means of the arc and the series condenser С. 


FIGURE 5 


3. COMPARISON OF FIGURE 2 WITH THE SIMPLE DIAGRAM (WITH- 
OUT THE SHUNT CONDENSER Cj) 


It is evident from Figure 3 that the ratio between the 


antenna current and the arc radio frequency current may become 
somewhat larger than 1 by applying the arrangement shown 
in Figure 2. Some other effects, however, are introduced in 
connection therewith, which, at any rate, partly counteract the 
advantage in question. We will consider especially that: 

1. The necessary direct current voltage across the arc 

increases very considerably. 
2. The wave-length increases. 
Tables 2, 3, and 4 below show this clearly. 


TABLE 2 


(Diagram and indications refer to Figure 2.) C,=13,806 
em. (0.0158 “f.), С, = 14,600 cm. (0.0162 4f.), wave-length for 
C,=0 is equal to 5,400 m.; R=about 3 ohms; Р»„=1Ї„ is 
the energy supplied to the arc; С, is variable; and (C,=0) 
attached to any of the symbols means that the value of the 
latter is measured when С,=0, that is, when the simple circuit 
connection, without the shunt condenser, is used. 
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The results of these measurements are partly represented 
by Figure 6. Curve A shows the figures of column 10 of Table 2 
that is, the ratio 7 between the apparent efficiency with shunt 


Уо 
condenser and without the same. The curve shows that this 
ratio is à maximum for a value of С, between 12,000 and 14,000 
ст. (0.0133 and 0.0156 4f.), further that the maximum у is 
about 1.37 уо. It must, however, be noted that the wave- 
length increases simultaneously, as previously mentioned, and 
as shown by curve D in Figure 6. The increase of the wave- 


0.2 9 6 8 Q 2 M^ м 18 20 22 2% 26 28-/07cm. 
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FIGURE 6 


length in itself produces a higher efficiency; this increase amounts 
to about 1.127, according to tests. The antenna current is, as 
previously mentioned, not quite a sine curve when the con- 
denser С, is inserted, and this is especially the case for values 
of С, as large as 12,000 to 14,000 cm. (0.0133 to 0.0156 4f.) 
The antenna current in the ordinary are circuit, for which C; = 
is practically a sine curve when everything is properly adjusted. 
It is impossible to indicate definitely what fraction of the antenna 
current is due to “harmonics” of various kind. Three per cent. 
is very likely much too small a figure when C,=12,000 cm. 
(0.0133 #f.). Curve B, Figure 5, is based upon the above cor- 
rections. It will be seen from this curve that the effective 
increased value of the efficiency 7 cannot be reckoned to be 
more than about 1.2 7o. 

It might be that a more ЖОЛ ОЛОТ result could be obtained 
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by choosing anotherratio between the inductance and thecapacity. 
In order to ascertain whether this be so or not, a series of tests 
were carried out (Table 3) in which the capacity of the con- 
denser was kept constant, whereas the inductance was varied 
in such a way that the corresponding wave-lengths covered the 
range from 6,430 m. to 3,120 m. In no case were better results 
obtained than those shown in Table 2. 


TABLE 3 
(Data refer to Figure 2). 


С. = 13,800 cm. (0.0153 4f.), С»„=14,600 ст. (0.0162 ^f.), 
R=about 3 ohms; Ро = I,Vo,-energy supplied to the arc. The 
inductance L is variable; L has the same value in each two 
related tests. | 

Tests were also carried out by varying the series condenser 
C2, and a few of these tests are tabulated in Table 4. But none 
of these tests gave better results than the ones in Table 2. 


TABLE 4 


(Data refer to Figure 2) 
С,= 13,800 em. (0.0153 af); R=1.6 ohms; Po=IoVo. The in- 
ductance in the first two tests was about 30 per cent. larger 
than in the two last tests. 

We have thus, by applying the shunt circuit, been unable 
to increase уо to more than about 1.25 уо. This increase in effi- 
ciency was, however, in all our tests accompanied by a con- 
siderable unsteadiness of the arc. It proved very difficult to 
keep the arc burning as steadily as desirable when С, has the large 
capacity necessary for increasing the efficiency by the above- 
mentioned value. Furthermore, a good many frequencies are 
created—as set forth above—which are of no use at all, and 
might cause interference. We are, therefore, of the opinion 
that the advantages obtained by applying the shunt circuit are, 
as a whole, not of any great value. This, of course, does not 
exclude the possibility that the shunt circuit may be of advantage 
under certain other conditions of а special nature. 

I wish to acknowledge my indebtedness to Messrs. J. P. 
Christensen, H. Erichsen, and A. Teglbjerg for the valuable 
assistance rendered during the above investigations. 


Royal Technical College, 
Copenhagen, February. 1920. 
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SUMMARY: A bibliography of oscillating arc investigations with coupled 
Circuits is given. A special form of circuit, wherein the arc and the antenna 
Circuit are coupled electrostatically thru an arc ‘‘series condenser,’ and a 
“shunt condenser," is studied analytically. Experimental results on the 
same circuit are given, and the practical usefulness of the circuit а scussed. 


DISCUSSION 


Leonard F. Fuller (by letter): А preferred foim of circuit 
in which C; of Professor Pedersen's Figure 2 is omitted ard C, 
shunted directly across the arc terminals, 1s the only local con- 
denser used, is shown in United States Patent 14,760, of Novem- 
ber 25, 1919. "This is a re-issue of my original patent number 
1,179,353, and was used at Arlington and Tuckerton for some 
time. It increases antenna current about as effectively as the 
connection shown in Figure 2, and saves considerable equipment 
in a large station. Both circuits are only a means of improving 
an аге which is not operating under the best conditions and will 
cause no appreciable increase in the antenna current delivered by 
a well-designed arc operating with “tuned fields" in the proper 
atmosphere. For these reasons they have fallen into disuse in 
recent years. 

It seems likely that the arc Professor Pedersen used in his 
experiments was operating with the air gap flux density, Bo, 
below the tuned value, for he states that “the increase of the 
wave length itself produces a higher efficiency." Such a change 
in efficiency is the natural consequence of operating an arc 
‘“‘underfield.”’ 

It would have been very helpful if the observations had keen 
made with tuned fields, as are performance data rarely permit 
of quantitative comparison if they are taken with untuned fields. 
A great amount of experimental work has had its value very 
seriously reduced by failure to appreciate this fact. 

I heartily agree with the conclusion that circuits such as these 
are hardly worth while, but this is because of our present knowl- 
edge of tuned fields and the other factors effecting arc perform- 
ance which enable us to accomplish the same desirable results 
in better ways and without fostering the harmonics mentioned 
by Professor Federsen. 
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THE EQUIVALENT CIRCUIT OF THE VACUUM TUBE 
MODULATOR* 


By 
JOHN R. Carson, PH.D. 


(RESEARCH ENGINEER, AMERICAN TELEPHONE AND TELEGRAPH COMPANY, 
NEw YORK) 


It is a well-known fact! that if an emf. E is impressed on the 
input terminals of the three-element vacuum tube amplifier of 
amplification constant 4 and external or load impedance 2, its 
behavior as an amplifier may be correctly described by postu- 
lating an emf. 4E impressed on the load impedance z thru a 
resistance Ro, where Ro is the “internal resistance" of the tube 
and is given by the formula 


=. = Ё (1) 


Неге J is the plate current, and E, the steady plate-filament 
potential difference. 

This law has led to the concept of the equivalent circuit 
of the vacuum tube amplifier, indicated schematically in Figure 1, 
which has proved a very valuable aid for interpreting the behavior 
of the device and in designing the associated circuits. The 
value of such a physical picture of the phenomena does not need 


R. 


Equivalent 
Applied em.f „pE Load Impedance z 


FIGURE 1—EQUIVALENT AMPLIFIER CIRCUIT 


*Received by the Editor, April 30, 1920. 

! The recognition of this valuable principle appears to be due to van der 
Bijl; see his papers: “Physical Review,” September, 1918, and the Pro- 
CEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, April, 1919. Strictly 
speaking, van der Rijl’s statement of the law is limited to the case where the 
load impedance is a pure resistance; its extension to the case where the load 
impedance is unrestricted is however a very simple matter; see my paper in 
the PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEFRS, April, 1919. 
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to be pointed out to the engineer actually engaged in the devel- 
opment of the device and its simplicity as a working guide in 
interpreting and predicting results far outweighs the fact that 
it is necessarily incomplete and approximate only. On the other 
hand, in using such & physical conception, he will be wise to 
recognize clearly its limitations and guard against employing 
it under cireumstances where it ceases to be a reliable guide. 

The purpose of the present note is to point out the fact that 
the device when functioning as a modulator? may be represented 
by an "equivalent circuit" of almost equal simplicity, and the 
resulting physical conception may be used with considerable 
advantage and profit in interpreting the behavior of the device 
and in correctly designing the associated circuits for optimum 
performance. The equivalent modulator circuit may be in- 
ferred at once from the following theorem: 

If a voltage E is impressed on the input terminals of a three- 
element vacuum tube feeding into а load impedance z, the 
operation of the device as а modulator may be correctly de- 
seribed by postulating an emf. 


и Ro : 
Mie?) (2) 
impressed on the load impedance z thru a resistance Ro. M is 


the modulation factor, a physical parameter of the tube, and is 
given by the equation. 


M- (a) - (32) e) 


The equivalent circuit is shown schematically in Figure 2. 

The law formulated by this theorem and the character of 
the approximations involved are easily deduced from the treat- 
ment of the problem developed in my PROCEEDINGS ОЕ THE 
INSTITUTE OF RADIO ENGINEERS’ paper (April, 1919); the proof 
will be supplied in an appendix to the present note. 

It should be remarked that the foregoing law and the equiva- 
lent modulator cireuit to which it points are, of course, approxi- 
mate only. It is important, however, to observe that the 
approximations underlying the concept of the equivalent modu- 
lator circuit are of precisely the same character and substan- 
tially the same order of magnitude as those involved in the 
equivalent amplifier circuit, which has proved so useful in the 


, 3 The following discussion applies equally well to the operation of the 
device as a detector in the arrangement where it functions by virtue of the 
eurvature of the characteristic. 
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engineering development of the amplifier. This will be evident 
from the proof given in the appendix. 

A simple problem will now be dealt with to illustrate the 
application of the concept of the equivalent modulator circuit 
in deducing certain principles which have a direct and impor- 
tant bearing on the design of the associated circuits. 


Equivatent г 
Applied em.f: M (Een E Load Impedance ri 
te 


FIGURE 2—EQUIVALENT MODULATOR CIRCUIT 


Let the impressed emf. E be the sum of two sinusoidal 
functions; thus 
E=E, sin pı (FE: sin pst (4) 
To fix our ideas, the first component of E may be regarded as 
the carrier wave and the second the signal wave. In substi- 
tuting this expression for E in (2), to evaluate the fictitious emf. 
acting in the equivalent modulator circuit it is essential that E 
be written down as a complete real time function, since. the 
operation of squaring is in effect a frequency transformation. 
From (4) we have: 
Т 


= E. Es . 
———E-2rR. iz SUN (pit —61) E sin (pat—fs) | (5) 


where Z (pi) and Z (p) are the absolute values of the impedance 
Ro+z to currents of frequencies pi 2z and p» 2 z respectively, 
and 0, and б» are the corresponding phase angles. By aid of 
(5), formula (2) becomes after simplification and rearrangement 


` 
/ 


ui ^?[1—cos (244—2 (0h) ]3- V [1 — eos (2 pot —2 02) | 
+ [соз [Ср — ps) t — (091 — Az) + cos [Cj ро) t — 
(001 (6) 
where = Ms 
pou Е 
Ир) 


This is the effective emf. acting in. the equivalent modulator 


wt 
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circuit and the current corresponding is calculated by usual 
methods. The modulated output current is evidently that 
corresponding to the term in Vi Va of (6); it consists of the follow- 
ing two components 


M Е,Е, 1 (m — р») 

c (udis Аааа. ОБР AD) 7 
3H ZO zu Ny (7) 
and 

M Е,Е» p+ р») 

— Ub p jr ы, — off р 8 
2 (^ Re) Z(m)-Z(p) Z(m-T pe) ini 2r 8) 


Now suppose that by a proper design the load impedance 
acts like a pure resistance R at the frequencies corresponding 
р, рг, (pi — рг), and (р рг). Then the modulated currents аге 
proportional to 

Ro? 
(Ro+R)° 
and the modulated energy W, delivered to the load impedance 
is proportional to 


ВР, 


(Ro+R)* 
This expression is а maximum when R= = and when this 


condition is satisfied becomes 


(5) (9) 
5 Ro 


Now consider a second arrangement, where the load imped- 
ance acts like a pure resistance R at the frequencies correspond- 
ing to pi, (pi— рг), and (pı+ p2), but acts like a short circuit to 
p 
stantially realizable at least when the carrier frequency is suffi- 
ciently large in comparison with the signal frequency. In this 
case the modulated currents are proportional to 


Ro 
(Ro+ R)? 
and the modulated energy Wa is proportional to 
R Ro? 
(Ro+R)‘ 
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currents of the signal frequency - This condition is sub- 


: d : R 
This expression is а maximum when R= m and when this 


condition is satisfied becomes 


(;) о 
3 Ro 


Comparison of (9) and (10) shows that for the same applied 
emf.'s, the modulated energy outputs W, and W; are related by 


Wi _ 3) 5) (5) = 
m= (3 E o و‎ 
ог W:= 1.575 W.. 


It follows at once that a proper design of associated circuits 
to satisfy the conditions laid down in the second case results 
in a gain of 57 per cent. in the available modulated energy as 
compared with the first arrangement. Another immediate 
deduction from formulas (7) and (8) is that, altho we are con- 
cerned only in transmitting radio frequency modulated currents, 
it is necessary to provide a low impedance path in the output 


circuit for the low frequency signal currents P) otherwise 
z 


a serious loss in the available modulated energy results. 

The foregoing simple example has been worked thru to illus- 
trate the application of the concept of the equivalent modulator 
circuit and to exhibit the utility from an engineering standpoint 
of a simple physical picture which, in its large outlines, is а 
faithful likeness of the actual phenomena. 


APPENDIX 


The deduction of the equivalent amplifier and equivalent 
modulator circuits follow from the general operational solution 
of the vacuum tube circuit problem as given in my paper in the 
April, 1919, PROCEEDINGS oF THE INSTITUTE OF RADIO ENGI- 
NEERS. Inasmuch as it will be impossible to repeat here the 
course of the argument it will be assumed that any reader who 
is interested in the problem will consult that paper for the details 
of the solution. 

The method of solution is one of successive approximations. 
The output circuit current J and the potential difference v across 
the load impedance are written down as the expansions 


J=Ji4J:+J:+: Y € (1) 
u=v Fu tnt: ° ° 
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It is hen shown that the assumed expansions satisfy the con- 
ditions of the problem if the successive terms are related and 
defined by the scheme 


Ji=P, (p edu) 
«= Pi vs +P, (и etu)? (2) 
Js= Pi 54-2 P, (b e4- i) +P: (p e+)’ 
Here e (following the notation of the previous paper) is the 
emf. impressed on the input terminals, and Pı, Pa, P; are differ- 


ential parameters of the tube which appear in the power series 
expansion. 


J=P,(He+v)+Po(He+v)?+: >- 


so that 
1 [д1 
ү кыы, ШЕ. Ый 
“т (; &) 
1/0'I 110R, M 
= — RN. LA ee ee 3) 
OT б a) 2829 E» Ro (3, 
Now from (1), (2), and (3) 
RoJı—vر‎ = pe 
Ro J2— t2 = Ro Р» (и є-Еь,)? (4) 
= М (и e+)? 
Writing = – 27, and t.=—zJ2,—relations which follow at 
once from physical considerations, —equations (4) become 
(Ro+z) Ji= pe (5) 
and 


2 
(Ro+z) Jo=M =, (6) 


Equation (5) is simply the equation for the current J; in a 
circuit of impedance Ro +z in response to the impressed emf. He, 
and therefore, identifying Jı with the amplification current, it 
leads at once to the law of the equivalent amplifier circuit. 
Similarly (6) is simply the equation for the current Jz in a circuit 
of impedance Ro+z in response to the impressed emf. 


Ro : 
м. s А ) 


As shown in the paper, the component current Js is that which 
represents the modulated or detected output current; conse- 
quently equation (6) is simply a statement of the law of the 
equivalent modulator circuit. 
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It will be evident from the foregoing that the concepts of 
equivalent amplifier and modulator circuits are approximate, 
and that from a mathematical standpoint they represent simply 
first and second order approximations to infinite series. Expe- 
rience, however, has shown that the convergence of the series 
is so rapid in the usual range of values occurring in practice as 
to make the deductions from these approximations useful 
engineering guides. Furthermore the mathematical theory 
enables us to recognize conditions where the approximations fail 
to be reliable and to make the necessary corrections under these 
circumstances.’ 

Department of Development and 

Research, American Telephone 

and Telegraph Company. 
February 8, 1920. 


SUMMARY: The author starts from the consideration of the equivalent 
circuit to a three-electrode vacuum tube amplifier. After pointing out the 
engineering usefulness of such an equivalent circuit, there is derived the 
equivalent circuit to a three-electrode vacuum tube modulator. The resulting 
theory is applied to a practical example in modulator design and its usefulness 
demonstrated. 


3 Since the foregoing was written the writer’s attention has been called to 
the fact that the law of the equivalent circuit of the vacuum tube amplifier 
was first published by Dr. John M. Miller, in the June, 1918, issue of the 
PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS. The writer regrets 
that this had escaped his notice, and takes this opportunity of giving to Dr. 
Miller due credit for the first published recognition of this valuable principle 
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VACUUM TUBE AMPLIFIERS IN PARALLEL” 


Bv 
R. V. L. HARTLEY 


(WESTERN ELECTRIC COMPANY, NEW YORK) 


It is occasionally desirable to operate a number of vacuum 
tube amplifiers in parallel, that is, with all of their grids connected 
together and all of their plates connected together. 

Very often the tubes are not uniform in their amplification 
constants and plate resistances. It is therefore of interest to 
express the effective values of these quantities for the group in 
terms of those for the individual tubes, and to compare the power 
output of the group with that of the tubes operated individually. 

If we assume a straight line characteristic it 1s well known 
that for a single tube, 


i= (nes bey) (1) 


where eg 1s an alternating emf. applied to the grid; ej, the alter- 
nating plate voltage; 2, the alternating plate current; к, the 
amplification constant; and r, the internal alternating current 
plate circuit resistance. If the external impedance in the plate 
circuit is Z, then 

ер= —4Zi 

Ж (2) 

rZ” 
For n tubes in a common circuit, that is, the same eg, ep, and Z, 
the current in the output circuit can be expressed as 

TENES 


=i e à 
+7 ” (3) 


The problem is to evaluate u and r in terms of Hi, Ma, ° ° ° Ha 
and rj re, ° c Tna, the constants of the individual tubes. For 
any one tube 


and 1= 


TAS "S 
a " (и; eg — Zi) 


J 


* Received by the Editor, September 1, 1920. 
ТЕ is assumed that the frequencies are such that no account need be 
taken of the effect of internal capacities in the tube or of connecting leads. 
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since ep — — Z1. 
Then 


Whence ل و‎ е 


Comparing with (3) 


acr (4) 


and 
21 (5) 


It is at once evident that r, the effective output resistance of the 
combination, is equal to the resistance of all of the tubes in 
parallel. 

To arrive at a physical picture of и, consider a single tube, 
constants ш, 71, operating as a voltage amplifier with an external 
resistance r, in its plate circuit. Аз is well known, the voltage 
developed across r, is 


А To І 
Tol = е 6 
: Ti To rm ( ) 
(4) may be written 
Mı ш» Kn 
T1 х= То У – Tn aS 
Tj Tj TJ 
The first term may be written 
a 2p 
HE 
My _ 27, 
n 1 
1+7. зе E 
2 Tj vl 
2 Tj 


Comparing this with (6) we see that r, is replaced by E which 
э UL 
2 Tj 
is the resistance of all the tubes except the first in parallel. 
We may, therefore, say that р is made up of the sum of n terms, 
each of which, when multiplied by еу, represents the voltage 
which one of the n tubes would develop across an external 
resistance in its plate circuit equal to that of the remaining 
(n-1) tubes connected in parallel. 
Certain special cases are of interest. 


Let Ш=щ= ۰ ۰ ah = 
Then "LI 
- 1 
т=— . 
М 
rj 


That is, if u is the same for all the tubes, the effective value for 
the combination is the same as that of each tube. The effective 
resistance is still that of the individual resistances in parallel. 

Again let the resistances be alike and the amplification 
constants different. 


Putting тү=г;= +s: =т=т 
1 
a=.” | 
“ a By; 
TE, 
T=- 
n 


That is, the amplification constant of the group is the arithmetic 
mean of those of the individual tubes and the group resistance 
is that of a single tube divided by the number of tubes. 

These equivalent constants furnish a basis for comparing 
the maximum power output per unit voltage input of the tubes 
as a group with the sum of their individual maximum outputs. 
This is equivalent to comparing the power output of the group 
of dissimilar tubes with that of a group of similar tubes each of 
which has a power output equal to the average of the indi- 
vidual outputs of the dissimilar tubes. 

For this we shall take eg as unity and assume that in each 
сазе Z is equal to the plate resistance of the tube or group of 
tubes in question. This is the condition for maximum power 
in Z. For a single tube this power is given by 
№? 
B 4 rj 
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(7) 


Pj 


and for the group 
p= (8) 


A measure of the relative efficiency of a group of n tubes is then 
given by the ratio 


Po t | (9) 
= pj 
From (4), (5), and (8) (s) 
p= (10) 
gui 
rj 
Then ( yy 
1 


The conditions for making р a maximum are given by the 2п 
equations of the types 


Aa 12 
ð pj Me) 
9р | 
= () 13 
E (13) 
The equation др =i 
ð py 
reduces to ey 
Pa = me 
ME 
Г) 


From symmetry, it follows that the other equations of the type 
of (12) lead to the relation 


== зз =p, 
The equation ap _ 


reduces to 


(> 1) (> н) م‎ 2 (> 3 (2 ЕЕ "| (5 e) = 0. 
rj Г) Кл м Жуз Pe Б 


The other equations of this type differ only in the subscript of y, 
and hence from symmetry they can all be satisfied only if 
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HES cot c =. 
Under these conditions 
p=1 
regardless of the values of rı, rs, and so on. 

We may conclude, therefore, that the total power that can 
be drawn from a group of tubes, per unit input voltage, is the 
same in & common circuit as in individual circuits when, and 
only when, the amplification constants of all the tubes are equal. 
When this condition is met it is not essential that the resistances 
be equal. 

However, а very large fraction of the total power of the 
individual tubes is available when they are connected in parallel, 
even tho the tubes differ widely in amplification constant and 
internal resistance. To illustrate, two tubes the amplification 
constants of which are in the ratio of two to one, and the resist- 
ances of which are equal, give 0.90 as much power in a common 
circuit as they do in individual circuits. If, with the same ratio 
of amplification constants, the resistance of the first is twice 
that of the second, the power ratio is 0.89, and if the resistance 
of the first is half that of the second the ratio is 0.920. 


Research Laboratories of the American 
Telephone and Telegraph Company 
and the Western Electric Company. 
May 10, 1920. 
SUMMARY: The general theory of the power output of a number of dis- 
similar vacuum tubes operated in parallel is given. The equations obtained are 
applied to the case when all the tubes have the same amplification constant, 


and also the case when the tubes all have the same internal resistance. Some 
practical examples are given. 
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DIGEST OF UNITED STATES PATENTS RELATING ТО 
RADIO TELEGRAPHY AND TELEPHON Y* 


GRANTED FEBRUARY 22, 1921—APRIL 12, 1921 


By 
JOHN B. BRADY 


(OURAY BUILDING, WASHINGTON, D. C.) 


The object of this section of the PROCEEDINGS OF THE INSTI- 
TUTE OF RADIO ENGINEERS is to make available in convenient 
form for research engineers and others interested, brief informa- 
tion on the radio patents which are granted each week by the Pat- 
ent Office. The rapid developments in this art emphasize the im- 
portance of radio research engineers being familiar with patent 
literature in order to eliminate as far as possible the duplication 
of research effort. It is not the purpose of this section to explain 
radio inventions fully, but merely to indicate the general nature 
of the patents in order that those of particular interest to indi- 
viduals concerned with certain problems may be selected, and 
copies of the patents obtained for complete study. Copies of 
the complete patents may be obtained at ten cents each by 
addressing the Commissioner of Patents at Washington, D. C. 


1,369,281— Oscar C. Roos, of Brooklyn, New York. 
Electromagnetic-Wave-Transmitting System— Patented 
February 22, 1921. 

This patent relates to a transmitting system in which an аге 
is shown as a source of sustained oscillations. The object of the 
invention is to provide a circuit for absorbing one or more of the 
higher harmonics of the fundamental of the antenna system so 
that the transmitted electromagnetic waves will have the fre- 
quency of such fundamental and will be substantially simple 
harmonic. Parallel branch circuits are provided adapted to 
absorb the undesirable or parasitic frequencies, while the remain- 
ing oscillations are transmitted as electromagnetic waves. The 

* Received by the Editor, April 25, 1921. While great care has been 
taken in the preparation of these Digests, THE INSTITUTE OF RADIO ENGINEERS 


assumes no responsibility for their correctness or completeness, or for possible 
omissions of particular patents.—EpiToR. | 
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branch circuits are arranged to rectify the absorbed oscillating 
energy and return it to the generator circuit to assist in feeding 
the are. 


NUMBER 1,369,281 —Electromagnetic-Wave-Transmitting System 


1,370.093-—George B. Crouse and Isaac H. Mills, of Brooklyn, 
New York, Assignors to the Sperry Gyroscope Company, 
of Brooklyn, New York, a corporation of New York. 
Receiving-Panel—Patented March 1, 1921. 


NUMBER 1,370,093 —Receiving-Panel 


This patent relates to a construction of panel for mounting 
radio apparatus. The panel is made up of insulating material 
and a metallie shield embedded therein which forms a barrier 
to stray magnetic and electrostatic fields which might affect radio 
apparatus supported and enclosed by the panel. 


2742 
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1,370,504—John Hays Hammond, Jr., of Gloucester, Mass. 
Telestereoty py—Patented March 1, 1921. 


NUMBER 1,370,504— Telestereotypy 


This patent is directed to a system for transmitting and 
reproducing forms and shapes of objects and solids at a distance 
by radio transmission. The transmitter is energized by a suit- 
able source of oscillations and an apparatus connected in circuit 
with the antenna for successively varying the amplitude of the 
oscillations in accordance with the shape of the object at the 
transmitter station. The receiving station contains an appara- 
tus synchronized with the apparatus of the transmitter whereby 
the variation in amplitude of the received oscillations cause а 
reproduction of the shape of the object at the distant station. 


1,370,688—John Hays Hammond, Jr., of Gloucester, Mass. 
System of Radio-control—Patented March 8, 1921. 

This patent relates to & system for controlling a torpedo, a 
boat, or aircraft by radio. Two loop antenna, arranged in differ- 
ent planes are employed, each connected to separate vacuum 
tube detectors which mutually control a relay which is connected 
to regulate the position of the steering gear. 


1.370,735— Charles Samuel Franklin, of London, England, 
Assignor to Radio Corporation of America, of New York, 
N. Y., a corporation of Delaware. 
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NUMBER 1,370,688—Svystem of Radio-control 


Aerial System for Wireless Signaling—Patented March 8, 
1921. 


NUMBER 1,370,735— Aerial System for Wireless Signaling 


The object of this invention is to secure a more complete 
cancellation of signals in a direction opposite to that in which 
reception is desired. A plurality of antennas are employed, 
ach separated a fraction of a wave length, and circuits arranged 
for combining the antennas to secure a plurality of directional 
systems. The systems are effectively separated a fraction of a 
wave length and the energy superimposed upon a common 
receiver. The patentee points out that the resulting polar curve 
for the combined systems is much better than can be obtained 
from each system alone. The curve is sharper in the direction 
toward the distant transmitting station and gives nearly com- 
plete cancellation in all directions, both vertically and horizon- 
tally, at the back of the station. 


258 


1,371,061— Clarence D. Tuska, of Hartford, Connecticut. 
Condenser— Patented March 8, 1921. 


NuMBER 1,371,061—Condenser 


This patent relates to a form of variable receiving condenser 
made up of paper stock and metal foil. 


to Western Electric Company, Incorporated, of New York, 
N. Y., a corporation of New York. 

Reduction of: Static Interference in Radio Receiving 
Stations—Patented March 15, 1921. 
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NUMBER 1,371,228—Reduction a Static Interference in Radio Receiving 
Stations 
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This invention relates to a wave filter for use in radio receiving 
systems for the purpose of reducing the effect of static or atmos- 
pheric disturbances. 


1,371,567—Robert H. Marriott, of Bremerton, Washington. 
Radio Receiving System—Patented March 15, 1921. 


NuMBER 1,371,567—Radio Receiving System 


This invention relates to a receiving circuit designed to 
dissipate or neutralize undesirable disturbing currents. A 
plurality of receiving circuits are employed connected to a neu- 
tralizing circuit and a circuit which contains rectifiers acting as 
frequency changing devices. 


1,371,757—Ernest Walter Brudenell Gill, of Oxford, England, 
Assignor to Radio Corporation of America, of New York, 
М. Y., а corporation of Delaware. 
Wireless-Telegraph Recciver—Patented March 15, 1921. 
This patent pertains to a circuit arrangement for vacuum 
tube receivers wherein the voltage of the first grid is adjusted so 
that the current in the plate circuit of the second tube may de- 
crease as the voltage of the first grid increases and increase as the 
voltage of the first grid decreases. The plate current’ of the 
second tube varies inversely with the potential of the grid of the 
first tube thru a portion of a cycle. "The purpose of this arrange- 
ment is to obtain a response of equal strength for all signals over 
a particular strength and to provide more marked discrimination 
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between signals received from different types of transmitters 
such as Telefunken and British Navy spark sets. 
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NUMBER 1,371,757—Wireless-Telegraph Receiver 


1,372,425—John Hays Hammond, Jr., of Gloucester, Mass. 
System of Radio Telegraphy and Telephony—Patented 
March 22, 1921. 


NUMBER 1,372,425—System of Radio Telegraphy and Telephony 
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This invention relates to a system for simultaneously trans- 
mitting and receiving in radio telegraphy and telephony. The 
invention further contemplates the reduction in interference of 
two transmitting stations in the same neighborhood. The prin- 
ciple involved is that the antenna of each station is simultaneously 
connected with the transmitter of that station, and the receivers 
at this same instant are disconnected, so that neither station 
receives during the instant that either transmitter is connected 
for operation. 


1,372,426—John Hays Hammond, Jr., of Gloucester, Mass. 
Multiplex Radiotelephony—Patented March 22, 1921. 


NUMBER 1,372,426— Multiplex Radiotelephony 


This patent relates to а system for transmitting and receiving 
two or more radio telephone conversations simultaneously. 
Figure 1 represents a transmitting station wherein two conversa- 
tions may be transmitted on different wave lengths and Figure 
2 shows а corresponding receiving station wherein the conversa- 
tions may be received on different wave lengths. 


1,372,808— Alphonsus L. Golden, of Oakland, California, Assignor 
to National Radio Company, of San Francisco, California, a 
corporation of Arizona. 

Apparatus for the Production of Intermittent or Continuous 
High-frequency Oscillations—Patented March 29, 1921. 
This patent shows a construction of oscillator comprising а 
spark gap having electrodes submerged in distilled water. The 
oscillator may be arranged in circuit for telegraphy or telephony 
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forming a continuous are when emploved for telephonic con- 
versations and an intermittent make and break when used in 


telegraphing. 


WEEE 


NuMBER 1,372,808—Apparatus for the Production of Intermittent or Con- 
tinuous High-frequency Oscillations 


1,372,658—Edward Thomas Jones, of New Orleans, Louisiana. 
Underground or Underwater Antenna System—Patented 


March 22, 1921. 
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NuMBER 1,372,658—Underground or Underwater Antenna System 
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This patent shows an underground or underwater antenna 
system comprising a pair of concentrated free ended coils of 
insulated cable which are submerged in water, or buried in the 
ground a relatively short distance apart and connected to receiv- 
ing apparatus. 


1,372,850— Eugene T. Turney, of New York, N. Y. 
Inductance Device—Patented March 29, 1921. 


NUMBER 1,372,850—Inductance Device 


This invention relates to а construction of inductance formed 
by a winding on a flat disc with radiating arms. The wire is 
wound spirally on the flat arms. 


1,373,504— Harry W. Hitchcock, of New York, N. Y., Assignor 
to American Telephone and Telegraph Company, a corpora- 
tion of New York. 

Electrical Measuring Apparatus—Patented April 5, 1921. 
This patent relates to an arrangement for variable condensers 
in which a fixed capacity is adapted to be connected in parallel 
with any desired portion of the variable capacity. By this cir- 
cuit arrangement the desired maximum capacity and also the 
desired intermediate capacities between the minimum of the 
variable condenser and the maximum of the two condensers in 
parallel may be obtained. 
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Lig. A 
NUMBER 1,373,504—Electrical Measuring Apparatus 


1,373,612—Earl C. Hanson, of Washingt on, District of Columbia 
Underground Loop-Antenna—Patented April 5, 1921. 
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NUMBER 1,373,612— Underground Loop-Antenna 
265 


This patent shows an underground antenna system for radio 
signaling in which a looped coil is enclosed in a conduit and buried 
beneath the earth. The coil is provided with filter coils at inter- 
vals in the turns in the loop for the purpose of reducing response 
to shock impulses. 


1,373,710—Victor Joseph Francois Bouchardon, of Lyons, France. 


Generator of High-frequency Oscillations for Wireless 
Telegraphy—Patented April 5, 1921. 
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NuMBER 1,373,710—Generator of High-frequency Oscillations for Wireless 
Telegraphy 


This patent relates to a transmitter in which a rotary spark 
gap set or а continuous wave vacuum tube generator set may 
be employed. Three phase supply is employed to energize the 
vacuum tube set wherein three tubes are shown-star connected 
to form an oscillating circuit. | 
1,373,931— Ernst F. W. Alexanderson, of Schenectady, New 

York, Assignor to General Electric Company, a corporation 
of New York. | 
Radio Receiving System—Patented April 5, 1921. 


266 


NuMBER 1,373,931—Radio Receiving System 


This patent relates to a receiving circuit in which a radio 
frequency oscillator at the receiving station is adjusted to be 
normally inoperative. It is arranged so that when signals of a 
desired frequency are received in the system the local oscillator 
will be set into operation and produce oscillations of the same 
frequency as the signaling oscillations. 


1,374,124—-Albert D. Trenor, of New York, N. Y., Assignor to 
John Hays Hammond, Jr., of Gloucester, Mass. 
System for the Control of Dirigible Devices from а Distance 
— Patented April 5, 1921. 


NuMBER 1,374,124— System for the Control of Dirigible Devices from a 
Distance 
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This patent relates to a system of engine valve control by the 
reception of radiant energy. The valve mechanism is arranged 
for distribution of motive fluid to a plurality of different actuating 
devices. 


1,374,170—August J. Kloneck, of New York, N. Y. 


Generating System for Electric Currents—Patented April 5, 
1921. 


NUMBER 1,374,170—Generating System for Electric Currents 


This patent relates to a generating system for radio frequency 
currents, and shows a circuit arrangement for a radio transmitting 
station. 


1,374,293—Reginald A. Fessenden, of Chestnut Hill, Mass. 
Wireless Direction-Finder—Patented April 12, 1921. 

This invention relates to a method of determining the direc- 
tion of signals from a receiving station. The method consists 
in taking a plurality of observations at the observing station at 
different wave frequencies transmitted from the radiating station 
and noting the amount of the discrepancies between the observa- 
tions thereby determining the amount of wave bending to obtain 
the true direction of the radiating station from the observing 
station. 


1,374,679—John B. Pratt, of Schenectady, New York, Assignor 
to General Electric Company, a corporation of New York. 
Degasifying Process—Patented April 12, 1921. 

This patent pertains to the pre-treatment of thermionic 
vacuum tubes during the process of manufacture. Gas is re- 
moved from the electrodes by a method of heating the metallic 
masses to an elevated temperature by electric induction. By 
driving out the gases from the conductive parts, the later slow 
evolution of gases is substantially reduced. A radio frequency 
magnetic field is employed to produce the induced heating 
current. 
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NUMBER 1,374,293—Wireless Direction-Finder 


NuMBER 1,374,679—Degasifying Process 
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1,374,832—Harold Potter Doule, of Meriden, Connecticut. 
Assignor to the Connecticut Telephone and Electric Co., 
Inc., of Meriden, Connecticut, a corporation of Connecticut 
Vacuum-Tube Base—Patented April 12, 1921. 


NUMBER 1,374,832—Vacuum-Tube Base 


This patent shows a socket for a thermionic vacuum tube. 
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t 
PILOTING VESSELS BY "T ENERGIZED 
CABLES* 


Bv 
À. CROSSLEY 


(EXPERT RADIO Ар, NAVY DEPARTMENT, WASHINGTON, D. С.) 


Piloting vessels by means of cables energized by audio fre- 
quency currents 18 the result of the work of many scientists, in- 
ventors, and engineers, each having contributed some part to 
the general scheme whereby it is possible at this date success- 
fully to apply the system for piloting vessels thru treacherous 
channels during inclement weather. 

Before entering into a discussion on the general details of 
this system, there will be given a brief history of the evolution 
of the system. This history is the result of a thoro investigation 
of the prior art. The writer does not wish to be quoted officially 
as to the authenticity of statements made should it be proven 
later that there are other inventors who claim priority on the 
hereinafter stated inventions. The writer, therefore, does not 
desire to cover the system from a patent standpoint, but only 
desires to bring to the attention of those interested the technical 
details, and also the possibilities of this new aid to navigation. 


GENERAL HISTORY 


A résumé of the past history of the evolution of the Audio 
Piloting System may be briefly stated as follows: 

Michael Faraday discovered in 1851 the principle of electro- 
magnetie induction. 

Alexander Graham Bell’s invention of the telephone receiver 
in 1876. 

A. R. Sennett’s British patent, number 13,415, of 1892, 
which discloses means of maintaining communication with light 
vessels by use of a submerged cable from which signals were 
received on board lightship by means of a multiple turn loop and 
telephone receivers. 

Charles A. Stevenson’s British patent, number 5,498, of 

* Received by the Editor, November 8, 1920. Presented before THE 
INSTITUTE OF RADIO ENGINEERS, New York, March 2, 1921. 

273 


1892, which discloses means for navigating vessels over electri- 
cally-energized cables and which shows the use of conduction 
principle at the receiving end in connection with sensitive 
galvanometer for recording purposes. 

Robert B. Owens’ American patent, number 736.432, of 1903. 
which shows a combination of the Stevenson’s cable and Sen- 
nett’s receiving apparatus in conjunction with special method 
of tilting receiving coils with respect. to cable. 

Alexander Chessin’s British patent, number 21,610, of 1912, 
which shows an improvement on Owens’ patent with reference 
to a means of mechanically tilting receiving coils. 

July, 1916, issue of “Motor Boating," and also the August, 
1916, issue of “Popular Mechanics," in which Earl C. Hanson 
discloses information on application of vacuum tube amplifier 
to audio frequency circuits, among which is the proposed use 
of such a system for piloting vessels thru fogs. 

Earl C. Hanson's American patent, number 1,315,197, of 
1919, which discloses application of vacuum tube amplifier to 
audio frequency receiving circuits. 

Further work on the application of the amplifier to the 
Audio Piloting System has been, it is understood, undertaken 
by the English and German Navies, but full details on this work 
are not known to the writer. 

Expert Radio Aid R. H. Marriott, of the Puget Sound 
Navy Yard conducted a series of interesting experiments at that 
place using the same circuits that Hanson had previously em- 
ployed. Marriott brought to the attention of the Navy Depart- 
ment the results of his tests, and partly thru his efforts the 
Navy Department decided to make a thoro investigation of the 
merits of the system. 

Having outlined previous work attempted, we will now 
devote our attention to the experimental work undertaken by 
the Bureau of Engineering, Navy Department, to determine the 
feasibility of developing and applying this system for Naval use. 


NEW LONDON EXPERIMENTS 


Upon receipt of orders from Commander S. C. Hooper, in 
charge of Radio Division, Bureau of Engineering, the writer 
proceeded to the Submarine Case, New London, Connecticut, 
on October 18, 1919, to conduct preliminary experiments. 
Arrangements were made whereby a sixty-foot (18.3 m.) sailing 
launch was placed at his disposal for the experiments. А 5,250 
foot (1,600 m.) length of 9,000 circular mil (0.076 cm. diameter) 
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single conductor (Navy Standard) rubber insulated cable was 
submerged in the channel of the Thames River from the Sub- 
marine Base to a point approximately 5,000 feet (1,520 m.) 
down the river. The extreme end of this cable was grounded 
to a six foot (1.8 m.) length of 1.5 inch (3.8 em.) galvanized iron 
pipe while the shore end of the cable was connected thru a lamp 
bank of eight 32-candle-power carbon lamps to a 0.5 kilowatt 
500 cycle generator on board the submarine '"N-4," and grounded 
to the hull of the submarine. The cable was anchored at 500 
foot (152 m.) intervals along the course, but due to the difficulty 
experienced in handling the sailing launch, this cable was not 
laid in a straight course. 

The receiving equipment consisted of two coils wound on 
a wooden frame four feet (1.2 m.) square, each coil having 240 
turns of number 20 single cotton covered copper wire,* a double 
pole double throw switch and type SE-1,600 Navy two stage 
audio frequency amplifier, to which were connected standard 
telephone receivers. The double pole double throw switch made 
it possible to connect either coil to the amplifier, and thereby 
compare the relative received signal strength of the respective 
coils. A 0.0025 microfarad variable air condenser was connected 
in series with the input terminals of the amplifier as shown in 
Figure 1, with a view towards tuning the circuit to resonance; 
but because of the low inductance of the coil this was not possible, 
and the condenser was removed from the circuit. 

A current flow of 2.3 amperes at 170 volts was supplied to 
the submerged cable. The input watts as recorded on a watt- 
meter indicated that the input in the cable was 145 watts or a 
power factor of 0.37. The poor power factor obtained was due 
to the fact that it was not convenient to obtain direct leads from 
the generator without totally dismantling the panel of the radio 
set of which the generator was a part, and therefore resort was 
made to connecting the primary of the transformer in series with 
the cable, thus creating a predominance of inductance in the cir- 
cuit with the resultant lagging power factor. The receiving appara- 
tus was installed on the sailing launch, one coil on one side, and the 
other coil on the opposite side of the launch above the water line. 
The launch was then made to follow a zigzag course over the cable 
to note the relative signal strength as received from the cable 
by the respective coils. It was noted that there was no shielding 
effect between the two coils and resort was made to the use of 
one coil. Using the single coil in the vertical position it was 

* Diameter of No. 20 wire = 0.032 in. = 0.082 cm. 
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possible to tell within a distance of ten feet (3 т.) the exact 
location of the cable. The signal received from the cable was 
of an audibility in excess of 10,000 when the launch was directly 
over the cable, and of such intensity to be uncomfortable to retain 
telephone receivers on the observers’ ears, while when moving 
away from the cable the signal strength rapidly diminished until 
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it became inaudible at a distance of 600 feet (180 m.) from the 
eable. 

The next experiment consisted of turning the coil at different 
angles to the vertical plane to note whether a pronounced maxi- 
mum or minimum signal could be obtained from the cable. It 
was noted, as expected, that a maximum signal was obtained 
when the plane of the coil was in line with the cable, and a mini- 
mum signal was obtained when the coil was at right angles to 
the plane of the cable. 

Having proved that the single coil could be used to advantage 
on wooden vessels, arrangements were made with Capt. Oliver 
of the Submarine Base, whereby the Submarine “G-1” was 
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detailed for work to prove whether or not a shielding effect was 
present when a steel hull was interposed between the coils. 

The results of experiments conducted on the ''G-1" proved 
that there was a shielding effect between the coils and by use of 
this effect the Commander of the ‘‘G-1” could easily note on 
which side of the submarine the cable was situated. Strongest 
signal was always picked up by the coil nearest the cable, while 
minimum signal was received by the coil which was furthest 
from the cable. "The shielding effect was not as pronounced as 
it should have been, but this was probably due to the poor 
shielding effect of the sloping sides and small conning tower of 
the “С-1.” 

On sailing down the river and passing over end of cable, 
it wasimmediately noted that the submarine had passed over the 
cable by the sudden decrease in signal strength. This decrease 
in signal strength was much more pronounced than the decrease 
noted when passing over and away from cable on & course at 
right angles to cable. No difference was noted in signal strength 
when the submarine was at different points along the cable, 
therefore showing that the attenuation effect along the cable 
could be neglected from & practical operating standpoint. 

Having concluded necessary preliminary experiments at New 
London, the writer returned to Washington and recommended 
to the Bureau of Engineering that this system be further investi- 
gated wherein resort could be made to the use of a vessel having 
steel hull with a high superstructure, and that experiments be 
conducted under conditions which would be representative of its 
future practical application. Upon receipt of recommendations 
thus submitted, Commander Hooper decided that New York 
Harbor would be an ideal place to complete the final experiments. 


New Yonk EXPERIMENTS 


Immediately after the decision to conduct further experi- 
ments at New York, the writer proceeded to the Navy Yard, 
New York, conferred with Commander R. F. McConnell, and 
made arrangements for the future experimental work. The 
New York Yard then obtained the services of the Mine Planter 
“Ord” and laid a cable from the Bayview Naval Station to a 
point approximately 700 feet (210 m.) from the Ambrose Chan- 
nel Light Vessel. The cable referred to above consisted of 2,000 
feet (610 m.) of 9,000 circular mil (0.076 em. diameter) lead and 
armored cable, 2,000 feet (610 m.) 9,000 circular mil lead covered 
cable, and 83,000 feet (25,300 m.) 9,000 circular mil rubber 


277 


insulated Navy Standard cable. This cable was anchored at 
500 foot (152 m.) intervals with conerete anchors of similar 
design to the anchor shown in Figure 2, and was laid as close 
as possible to the center of Ambrose Channel. The extreme 
end of the eable was grounded to a two foot (0.61 m.) square 
copper plate while the shore end was connected thru an induc- 
tance to a relay key which was actuated by an “Omnigraph” 
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transmitter; and from this key, connection was made to one 
terminal of a 0.5 kilowatt 500 evele generator: the other terminal 
of the generator was grounded to a copper plate two feet 
(0.6 1 m.) square, whieh was submerged in the bay. 

The destrover “O'Brien” was detailed to assist the New York 
Yard in this work and was equipped with two collector coils, 
four feet (1.22 m.) square, having 240 turns of number 20 double 
colton covered wire, one coil suspended over one side of the 
vessel and the other coil over the opposite side. Leads from 


* Diameter of number 20 wire 20.032 1n. 20.082 cm. 
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these coils were led to a double pole, double throw switch on the 
bridge, this switch being connected to a Type SE-1,600 two- 
stage audio frequency amplifier with the usual telephone re- 
ceivers. Leads from the coils to the switch were run in lead 
and armored cable to prevent these leads from picking 
up extra signal from the cable and induction from ship's 
circuits. 

A current flow of seven amperes was delivered to cable. 
The “O’Brien” steered a course from Bay Ridge out the Chan- 
nel towards the Light Vessel, but lost the signals from the cable 
when passing à point 1,000 feet (300 m.) from the shore end. 
Upon noting that no current was being delivered to the cable 
from the 1,000 foot (300 m.) point to the Light Vessel, a sailing 
launch was obtained and the cable was under-run and found to 
be broken at the 1,000 foot (300 m.) point. "The broken section 
of the cable was repaired, but on further investigation covering 
a period of three months it was found that the cable had been 
broken in fifty-two different places, and was of no further use. 
This investigation was carried on during midwinter and was 
extremely trying to the personnel engaged in this work. It is 
believed the breaks in the cable were caused by strain put 
upon it while being laid. 

During the period when investigation of the defects in the 
cable was being conducted, the New York Yard was requested 
to try different types of cable to note which type would be 
best suited for this svstem. This was the original idea when 
the three different sections of cable were incorporated in the first 
cable, but as it was not possible to obtain this information due 
to the defective nature of this cable, experiments were conducted 
in the Navy Yard to solve this problem. Three cables, one 
9,000 circular mils (0.076 cm. diameter) lead and armored, one 
lead covered 9,000 circular mils, and the other the rubber insu- 
lated 9,000 circular mils cable of 150 foot (45 m.) lengths were 
submerged to the same depths in the East River near Pier H, 
in the Navy Yard. Each cable was grounded at one end to a 
copper plate and the other end was connected to а 0.5 kilowatt 
500 cycle generator. A current flow of one and one-half amperes 
was supplied at different intervals to the three cables; and the 
audibility of the received signal as received by a 240 turn four 
foot (1.2 m.) coil, à type SE-1,600 amplifier with the usual 
telephone and audibility meter, from the respective cables, was 
noted. "The audibilities obtained were as follows: 
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Cables Audibility 


Lead and armored..................... 1,000 
Lead соуегеф.......................... 1,000 
Rubber соуегеа........................ 700 


The results of the above-mentioned tests being in harmony 
with the practical design of future cables, work was immediately 
started on the design of a standard type cable. After consulta- 
tion with certain cable manufacturers, specifications were drawn 
up for the purchase of 87,000 feet (27,000 m.) of the special 
cable shown in Figure 3. This cable consists of seven strands 
number 16 tinned copper wire,* a layer of 30 percent. Para 
rubber 0.188 inch (0.476 cm.) thick, one layer of cambric, a 
layer of jute and an armor of number 12 galvanized steel wire.f 
This cable was manufactured by the Simplex Wire and Cable 
Company, of Boston. The cable was delivered by motor truck 
to the Navy Yard, Boston, in four reels. The Coast Guard 
Cutter “Pequot” was detailed to lay the new cable in Ambrose 
Channel and was at the Navy Yard, Boston, to receive this cable. 
Upon arrival of the four reels at the Navy Yard, representatives 
of the cable company made necessary cable splices so that it 
was stowed on board the ''Pequot" in one continuous length. 
This procedure was of great help, as it eliminated the extra work 
and delay which would have been encountered should splices 
have been made during cable-laying operations. 
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FIGURE 3 


While the cable was being put on board the “Pequot,” a 
special connection was made to the end of the cable. Figure 4 


* Diameter of number 16 wire =0.05 in. =0.127 em. 
1 Diameter of number 12 wire 20.08 in. =0.203 cm. 
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shows sketch of this connection. The connection made between 
the internal conductor and the armor was for the purpose of 
eliminating the grounding plate and the attendant mechanical 
and electrical difficulties encountered when using this plate. 
It was figured theoretically that the low resistance offered by 
the large surface of the grounding plate (4 sq. ft. or 0.37 
sq. m.) to the return current thru salt water between the 
plate and the armor was approximately equal to resistance 
of the short length of the internal conductor (6 inches or 
15cm.) as shown in Figure 4. The brass cap covering the 
rubber insulation at the end of wire was used to keep the salt 
water from seeping back into the cable between the rubber in- 
sulation and the wire. 

The “Pequot” arrived at New York, July 31, 1920. Three 
days were spent in under-running the Western Union, Army, 
and Police cables which cross the Narrows between Forts Hamil- 
ton and Wadsworth, after which operation the “Piloting” cable 
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was plåced under these cables. This was accomplished by hoist- 
ing up cables one by one and passing a 60-foot (18.3 m.) sailing 
launch with 2,000 feet (600 m.) of cable on board under the 
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cables and then allowing the cables to be released and sink to 
the bottom. After this operation, the sailing launch carried the 
remainder of the cable ashore and placed 500 feet (150 m.) of 
cable on the dock at Fort La Fayette. | 

When the shore end of the cable was secure, the “Pequot” 
headed for the middle of the channel and on reaching this point 
on the course, a cable clamp (see Figure 5) was placed on 
the cable, and by means of shackles and 0.31 inch (0.8 cm.) 
chains an anchor was made fast to the cable and lowered over 
the side. From this point the “Pequot” followed as close to 
the middle of the channel as was possible on her way out of the 
Ambrose Channel, passing to the left of the entrance buoy and 
completing the work of laying the cable when at a point 1,900 


FIGURE 5 


yards (1,740 m.) from the Ambrose Light Vessel. The cable 
was anchored at the two turns and also at the end, as shown in 
Figure 6. This cable was approximately 16 miles (26 km.) in 
length and laid in а period of six hours. Upon completion of 
the cable laying, August 6, 1920, test was made to ascertain 
whether the cable was in good condition, the result of which test 
showed that it was possible to obtain a current flow of 3.5 am- 
peres when using 400 volts supplied by a 1-kilowatt 500-cycle 
generator at Fort La Fayette. Upon noting that the cable was 
apparently in good condition а power unit was installed at Fort 
La Fayette for this cable. This unit shown in the schematic 
diagram Figure 7, consisted of a 2-horse-power two-phase 220- 
volt 60-cycle induction motor (the current for which was sup- 
plied from a commercial source), which was connected by belt 
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drive to а 1-kilowatt Navy Standard, 500-cycle, 120-volt motor 
generator. The generator voltage was stepped up to 400 volts 
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by means of a transformer and the output of the transformer 
supplied direct to the cable. An '"Omnigraph" transmitter con- 
nected to a Navy Standard relay key was used to send distin- 
guishing signals into the cable. After improving the receiving 
equipment it was found that the step-up transformer could be 
dispensed with, thereby simplifying to а certain extent the power 
unit. А schematic diagram of the simplified circuit is shown in 
Figure 8. 

The cable before being laid was found to have an impedance 
of 50.2 ohms at 500 cycles and a direct current resistance of 
50 ohms. The capacity of the cable measured at 800 cycles 
was 5.7 microfarad. After laying the cable, it was found that 
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the impedance of the cable circuit was 123 ohms'at 500 cycles, 
and that there was a lagging power factor, which when meas- 
ured was found to be 0.80. The inductance (calculated) of the 
cable was 38.28 millihenrys. 
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Having completed the installation of the power unit, work 
was started on the receiving apparatus. Three types of coils 
were constructed, one having 400 turns, one 600 turns, and the 
other 800 turns, wound on a wooden frame four foot (1.2 m.) 
square. These coils with the exception of the 400 turn coil, 
were wound with number 20 Browne and Sharpe gauge double 
cotton covered copper wire.* "The 400 turn coil was wound with 
number 24 wiret which size wire gave considerable trouble, as it 
stretched easily. It was, therefore, practically impossible to 
wind two coils with this wire and have them of the same re- 
sistance. It was imperative that both coils have the same re- 
sistance and therefore resort was made to re-winding the 400 
turn coil with number 20 wire which gave very satisfactory 
results. The coils were layer-wound, and impregnated with 
beeswax and boiled linseed oil. 

The resistance of the coils are as follows: 


Coil Resistance 
400 {игп.............................. 64.3 ohms 
COD AU ick ае ern асылышы ж рны 100.2 ohms 
ВОО eo he ee d ane eae de 130.9 ohms 


ids from each coil terminated in a watertight junction 
box on the coil frame, from which portable leads (lead and 


* Diameter of number 20 wire =0.032 in. =0.082 cm. 
t Diameter of number 24 wire 20.02 in. 20.051 cm. 
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armored duplex cable) were led to a double pole double throw 
switch and from there to a type SE-1,600 two-step audio fre- 
quency amplifier and the Navy telephone receivers. 

The double pole double throw switch had to be re-designed 
so that it would at no time completely open the input circuit of 
the amplifier, as under such a condition the amplifier would 
howl and deafen the observer. A rotating switch was therefore 
designed which when rotated made contact with one coil before 
disconnecting the other coil. 

Upon completing work on the receiving equipment, the 
U. S. S. "Algorma," a large Naval sea going tug, was fitted out 
with the receiving equipment. The amplifier and switching 
device was installed in the pilot house and the collector coils 
were rigged out from the opposite sides of the vessel on a level 
with the upper deck and approximately amidships. In this 
condition the coils were about fifteen feet (4.5 m.) above the 
waterline. The coils were rigged on separate outriggers by 
use of which the coils could be swung clear of the ship's 
side in a vertical position to a maximum distance of six fect 
(1.8 m.). 

When all circuits (transmitting and receiving) were found 
to be in perfect condition the *'Algorma" steamed out the Am- 
brose Channel and conducted preliminary experiments on the 
system. During these experiments it was found that the steel 
hull of the **Algorma" had a very pronounced shielding effect 
on the respective coils, which was not noted during the New 
London experiments. This shielding was such that it was 
possible to note easily when approaching the cable the exact 
location of the cable with respect to the vessel. When the 
vessel was directly over the cable a signal of the same audibility 
was received on each collector coil, while if the vessel moved to 
the right or left of the cable the coil nearest to the cable picked 
up the strongest signal, while the coil furtherest away from the 
cable picked up a signal of markedly less intensity. 

Figure 9 gives an idea of the relative audibilities received 
by the nearest coil when vessel is at different distances from the 
cable. It can be seen from this graph that the shielding of the 
hull of the vessel 1s responsible for the big decrease in audibility 
when vessel is directly over cable, and the tremendous increase 
in audibility when the vessel is approximately 30 feet (9.2 m.) 
either side of the cable. Further explanation of this point may 
be given by reference to Figures 10 and 11, which shows apparent 
effect of the electromagnetic field on the respective collector coils. 
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This pronounced shielding effect was found to be very help- 
ful since by its use a vessel could keep the maximum signal in 
the port coil and steer a course which would always keep the 
vessel on the correct side of the channel. 
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After noting the shielding effect, experiments were conducted 
to ascertain the correct distanee that the coils should be from 
the side of the vessel, the results of these experiments show that 
the coils should not, for a vessel of the “Algorma” type, be at 
a greater distance than three feet (0.9 m.) from the side of the 
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vessel. Should this distance be exceeded, the shielding effect 
of the hull would be annulled to a great extent. It was also 
discovered that tilting the coil at different angles to the vertical 
plane was beneficial with reference to increased signal strength. 

Before completing the day’s work, and on the return trip, 
the *Algorma" tried various experiments in picking up signals 
from the cable, chief among which was to approach the cable 
at right angles to note how far away a vessel could be and still 
pick up signals from the cable. It was found that the cable 
could be picked up at a distance of one hundred yards (90 m.), 
and, by noting the gradual increase in signal strength, the navi- 
gator could easily note that he was approaching the cable on a 
course at right angle to the cable. 


FIGURE 11 


Having determined certain major navigational features of 
the cable on the first trip, the "Algorma" made a second trip on 
the following day. During the return trip to the city, the pilot 
house of the ‘‘Algorma”’ was blanked off by means of shutters so 
that the navigating officer could not see daylight, and by means 
of the receiving apparatus of the system he was able to bring the 
“Algorma” thru the Ambrose Channel without receiving aid 
from any other source. At no time was the 'Algorma" more 
than 50 yards (46 m.) from the cable, except at the 30? turn 
where the officer deviated 100 yards (92 m.) off his course before 
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settling on the new course. When consideration is given to the 
fact that the navigating officer of the “Algorma” was a perfect 
stranger to the system, having only three hours’ preliminary 
instruction, it is to be granted that this new aid to navigation 
has great possibilities. 

During the succeeding tests on board the ‘‘Algorma,’’ much 
information was obtained, chief among which may be given as 
follows: 

A current flow of three amperes into cable is sufficient for 
all needs in water up to a depth of 200 feet (61 m.). 

A collector coil having 800 turns of wire gave twice the 
audibility as the 400-turn coil, which was to be expected. 

It is important that the coils shall have identical electrical 
constants or else the system will not function properly. 

The use of tuned resonant receiving circuits increased the 
efficiency of system 1,000 percent., under which condition the 
cable can be picked up at 1,000 yards (920 m.) on either side of 
the cable, which further increases the possibilities of the system 
for deep water work. 

When using а single tilting coil for determining the location 
of the cable, the shielding effect of the steel hull of ship blurs both 
the maximum and minimum signal received by the coil, thereby 
rendering this method inoperative. Figure 12 shows a graph 
of signal strength plotted against position of coil relative to a 
vertical plane when the vessel was 30 yards (28 m.) from cable. 

Very little difference was noted in the received signal strength 
when the coil was submerged below the surface or placed above 
the surface of water. "This gives very valuable information with 
reference to the future design of coils and their location. 

The use of the loud speaker was found to be impractical for 
this system as the minute energy received at a distance from the 
cable will not actuate the diafram of a loud speaker, and only 
when the vessel was within forty yards (37 m.) of the cable 
was it operative. 

The present cable has high resistance, and the use of a larger 
internal conductor is preferable for efficient operation. At 
present, the power used costs ten cents per hour, while by use 
of a larger internal conductor this will be reduced to five cents 
per hour. This result may be accomplished by an increase of 
20 percent over the cost of present cable in the purchase of a 
new tvpe cable. Should the old tvpe cable be used for future 
installations, which require 20 miles (32 km.) or more of cable, 
a special 500 volt machine would have to be designed, while 
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with the adaption of the larger cable the present Navy Standard 
motor generator units can be used. 

The impedance cf the return path thru salt water and earth 
is theoretically many thousand times less than the impedance of 


` the return path thru the armor, and therefore, the major part of 


the current will return thru the water, thereby creating a result- 
ant magnetic field. It is thought that the effect of the 500-cycle 
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FIGURE 12 


eurrent thru the cable has a special concentrating effect on the 
return current path thru water, whereby it tends to bring this 
return path close to the cable. This assertion is based on the 
fact that no stray current return paths were noted, which would 
have been the case if direct current had been used to energize 
the cable. 

The present connection at the end of the cable between 
internal conductor and the armor is apparently satisfactory, 
but it is believed that the resistance of the return path thru 
earth, water, and armor may be greatly reduced by using a 
special type of grounding box, a tentative design of which is 
shown in Figure 13. "This box will offer more surface to water 
and earth, thereby reducing resistance at that part of the circuit, 
and also it will protect the exposed internal conductor from 
corrosion. 
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FIGURE 13 


THE NEW YORK DEMONSTRATIONS 

When the greater part of the preliminary experimental work 
was completed at New York, arrangements were made whereby 
the destroyer “Semmes” was assigned for duty in connection 
with the public demonstration of this svstem. The object of 
this demonstration was to bring to the attention of the commer- 
cial world the possibilities of this system as an important aid to 
navigation, especially for the navigation of harbors during foggy 
or stormy weather. 

On October 6th to 9th, inclusive, 1920, demonstrations were 
given to representatives of various radio companies, shipping 
Interests, pilots’ associations, governmental bureaus, naval at- 
tachés and others interested in this system. During these 
demonstrations the various representatives were given an oppor- 
tunity to inspect the apparatus and personally to pilot the 
vessel by means of this system. 

On each dav of the demonstration, during the return trip 
to the city, ц representative of either the Pilots’ Association 
Or à steamship Company volunteered to pilot the “Semmes” 
thru Ambrose Channel. In order that the person volunteering 
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for this duty could better demonstrate the workings of this 
system, the bridge was blanked with strips of canvas so that it 
was Impossible for the person to note in which direction the ship 
was being steered. Four persons volunteered for this work. all 
being able to follow the cable, and at no time were they more 
than one hundred vards (92 m.) from the cable. On Saturday, 
October 9, 1920. Captain Battle. of the Cunard Liner “Virgilia,” 
volunteered to pilot the “Semmes” back to port, and gave an 
excellent demonstration of the possibilities of the system. Cap- 
tain Battle was a total stranger to the system, but after a little 
coaching piloted the “Semmes” with such accuracy that he 
kept the vessel at a distance of 50 vards (46 m.) from the 
cable. and on the correct side of the channel. This was accom- 
plished by striving to keep the “Semmes” in such a position as 
to obtain a certain signal strength from the port coil, which 
operation was entirely practicable. 

Captain’s Battle’s work shows the feasibility of the use of 
one cable, altho certain persons present, who were technical men, 
thought that two cables would be better, one cable to be ener- 
gized with 500-cycle current, and the other with 1,000-cycle 
current, one cable to be used for outgoing traffic and the other 
for incoming traffic. One hundred and fifty persons were pres- 
ent at these demonstrations, and approximately ninety percent. 
were in favor of the single cable. All present were convinced 
of the practical possibilities of the Audio Piloting Cable, and 
had nothing but praise for the system. 

Among the persons present, interested in the system, from 
a technical standpoint, were Messrs. E. F. W. Alexanderson, 
H. Buckley, G. H. Clark, H. L. Curtiss, F. Lowenstein, and 
G. H. Lewis. The writer had many interesting discussions on 
the technical and practical details of the system, with the above- 
mentioned persons, from which much valuable data was obtained. 

Special effort was made by the writer to obtain the ideas of 
numerous seafaring men, on the practical possibilities of the 
system. The majority of the persons interviewed said that the 
cable should be laid beyond the light vessel, to a distance of at 
least five miles, at which place vessels could make good use of 
the cable, and thereby pick up the light vessel, the sight of which 
would serve the psychological purpose of giving the navigator 
more faith in the system and also a point to set a new course from. 

The proposed method to be followed, in using the cable, is 
to pick up the cable at sea and follow it to the light vessel, from 
which point, by means of a stop watch, speed chart, and the 
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cable, it will be possible when making standard speeds to know 
when the ship is approaching the turns in the channel, and thus 
be doubly assured of safely navigating the ship into the anchorage 
near the Narrows. 


FUTURE WORK 


The problem presented to date has been apparently met with 
the aural receiving equipment, but there is a demand for some 
kind of a visual device which will indicate directly the location 
of the cable. Work is now being undertaken by the New York 
Navy Yard to design such a device. 

There are many improvements to be made in the design and 
installation of the coils, amplifiers, condensers, and switching 
devices which comprise the aural receiving equipment. Work 
on this equipment is being done by the New York Navy Yard, in 
order that Naval vessels can be supplied with this equipment. 

It is proposed to build a power unit similar to Figure 14, 
which will eliminate the use of the '"Omnigraph" transmitter 
and the relay. This unit will consist of a 4-horse-power 220- 
volt 2 or 3-phase induction motor, a 2-kilowatt 250-volt 500- 
cycle generator, an exciter for supplying direct current for 
generator fields, and a commutator for sending characteristic 
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signals into the cable. The generator or exciter field rheostats 
can be used in place of a series regulating device in the cable 
circuit, by the use of which rheostats the current flow into the 
cable can be efficiently varied within desired limits. 

The cable for the New York Harbor will most likely be laid 
to a point at least one mile (1.6 km.) beyond the light vessel, 
from which point it will divide and be laid in a north-easterly 
and southerly direction, for a distance of approximately five 
miles (8 km.) Such a combination of cables could take care of 
transatlantic and northern bound traffic. The northeasterly 
eable could be an additional safeguard to keep vessels from 
running aground on Long Island. 

It is understood, upon completion of the New York experi- 
ments, that the Bureau of Lighthouses, Department of Com- 
merce, will take over the work of installing and maintaining 
cables in the important harbors of this country. 

Arrangements are also being made at the International 
Communication Conference, now in session at Washington, 
whereby this aid to navigation will be internationalized and 
adopted by all countries having seaports. 


CONCLUSIONS 


The aural system in its present state is a success from a 
navigational standpoint. Seafaring men are entirely in favor 
of immediately applying the system for navigating vessels thru 
harbors, during inclement weather. 

The installation of cable in harbors costs comparatively 
little in comparison with other navigational aids. Thus, the 
total cost of the proposed New York Harbor installation will not 
exceed $50,000, which is about equal to the cost of certain indi- 
vidual beacons and buoys now used in and about the New York 
Harbor. 

When vessels of the Cunard, White Star, and other steam- 
ship lines are detained outside of the harbors, because of in- 
clement weather, the hourly maintenance cost per vessel is from 
$500 to $4,000. Figuring the cost of receiving equipment for 
the Audio Piloting Cable system at approximately $1,000 per 
vessel, it can be seen that the equipment will pay for itself 
within a period of a few hours. It is also thought that the 
insurance companies will give lower rates to vessels fitted out 
with this equipment, which will be an additional benefit to the 
ship owner. | 

The advantages of the system are numerous and open the 
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way to greater safety at sea, especially when this system is used 
in connection with the present chain of United States Naval 
Radio Compass Stations. Vessels, when approaching the coast, 
can obtain radio compass bearings and from these bearings steer 
a course for the mouth of the harbor, at which place they will 
pick up the cable and follow a course over the cable to the anchor- 
age inside of the harbor. 

There are numerous other applications of the induction 
principle which will further simplify navigation, but as it is not 
intended to cover these in this paper, no description of them 
will be given. 

In concluding, the writer desires to mention the names of 
the following persons who were responsible for the successful 
conclusion of the experimental work on this new system: Com- 
mander S. C. Hooper, U. S. N.; Commander R. F. McConnell, 
U. S. N.; Lieutenant-Commander E. H. Loftin, U. S. N.; Lieuten- 
ant Н. W. Kitchin, U.S. N.; Ensign R. G. Sidnell, U. S. N. R. F., 
and Expert Radio Aid Harrison J. Lang. 


SUMMARY: A summary of the historical development of audio frequency 
induction methods of piloting ships carrying coil receivers along current- 
carrying cables making the desired course is given. 

A number of experiments carried out at New London and in New York 
Harbor are described in detail. The design and mode of use of the cable and 
the receiving apparatus are fully discussed; and the practical applications of 
the various systems of audio frequency piloting are given. 
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DISCUSSION 


Greenleaf W. Pickard (by letter): In reading Mr. Crossley’s 
interesting paper I am impressed by the striking audibility 
curve of Figure 9, with its approach to a null point when the 
steel vessel carrying the pick-up coils is directly over the cable. 
As the author points out, this sharp change in sound is very 
helpful, and I an wondering how this desirable feature could be 
retained, in the event that our Shipping Board’s non-magnetic 
cement ships ever became popular. 

Despite the near-century of history given by Mr. Crossley, I 
cannot help feeling that the art of induction piloting is yet in its in- 
fancy. We are all familiar with the desirability of a sharp null point 
in radio direction finding, and it would seem possible to do the 
same thing for an induction system. For example, if instead 
of a single cable with earth return, a pair of parallel insulated 
cables are laid, spaced apart say twenty meters (60 feet), and 
joined at their far ends, then a single pick-up coil, mounted 
amidships in a vertical fore-and-aft plane, would be unaffected 
when the vessel was directly over the center of the cable system, 
but would begin to receive with the slightest deviation to either 
port or starboard of this line, and the reception curve in a ver- 
tical plane normal to the direction of the cables would resemble 
Figure 9, but with an absolute null point at the center. A fur- 
ther advantage of this arrangement would be that the cable 
system is now insulated, and the station ammeter and a ground 
detector would furnish instant information of any mishap to the 
cable. 

Over a suitable network of submerged cables, traversed by 
currents of controlled intensity and phase relation, any imagin- 
able magnetic field might be made to hover, so molded as to pro- 
duce any desired effect upon a coil system carried by a vessel. 
Clearly, we are at the very inception of a new art. 

I am inclined to question the statement that “the effect of 
the 500-cycle current thru the cable has a special concentrating 
effect upon the return current path thru water, whereby it tends 
to bring this return path close to the cable." If this were so, 
it would be equivalent to putting one conductor of the circuit in 
a tube constituting the return conductor, and this, since the 
time of André Marie Ampére (who, by the way, deserves inclusion 
in Mr. Crossley's general history), has been recognized as a com- 
bination without external magnetic field. 
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Robert Н. Marriott (by letter): Located, as I am, across the 
United States from New York, the notice of the reading of Mr. 
Crossley’s paper did not reach me until the day of the meeting. 
This accounts for a brief discussion by telegram which readers 
may desire to have explained in some detail. 

It appears that we are at the point where we have the science 
without the art or the theory without the practice, or the dem- 
onstrations without the service. Service is what the public 
needs and what the engineer and scientist want to deliver. 

Many things have been said and repeated in scientific digni- 
fied terms. A little variation, such as less dignity in expression, 
may help to bring out what is best. 

To make this anticipated art what we believe it should and 
can be, will require perseverance, energy, and then more perse 
verance. We should profit by our experience in the development 
of radio to prevent lost motion, friction and proscrastination. 

The “cable theory" family has grown up, the “demonstra— 
tion" family has grown up, but the "service" children appar- 
ently have never survived beyond the “lusty yelling period." 
Expert diagnosticians would probably attribute the pre-natal 
or early demises to lack of vitality, malnutrition or unsuitable 
environment. Young physicians freshly equipped with a large 
quantity of second-hand information might offer more interest- 
ing theories. 

It looks as if Congress would have to furnish nearly all the 
food by appropriations. Depending on steamship companies 
for any appreciable nourishment may result in arrested develop- 
ment, cripples or more deaths. 

A policy which makes the success or failure dependent on 
only one factor, namely, sufficient appropriation by Congress, 
should result in success, while a policy depending on а number 
of factors such as several steamship companies’ appropriations 
plus congressional appropriations may result in failure and loss 
of successive appropriations. 

Since the United States is now a maritime nation and the 
efficiency of its merchant marine depends, in part, on how easily 
and quickly the vessels enter and leave the ports of the United 
States, it 1s quite proper for Congress to see to it that their 
entrances and exits are made easy. 

Ample current in the cable would make it easy for the steam- 
ship companies to do their part. Sixty cycle power of sufficiently 
high voltage, from commercial mains, would reduce first cost 
and operating costs. Duplicate low resistance cables would 
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increase reliability and serve for a wide range of developments 
and refinements for commercial and military purposes. 

Dealing with the first thought,—short-sighted instrument 
manufacturers and others may be against making it simple and 
inexpensive for the steamships to receive the pilot signals, be- 
cause the more complicated and expensive the receivers are, the 
more manufacturers or service companies could charge the 
steamship companies or Government in profits on single units 
or for maintenance. 

However, experienced manufacturers and service companies 
know that handicapping an art in its infancy results in an un- 
profitable, uncertain demand or no demand, while a healthy 
established art is a certain market for improvements. 

Steamship managements and steamships are complex and 
there are numerous managements and numerous ships. Install- 
ing anything new on the ships means that accounts must be 
shifted, orders must be shifted, habits must be shifted, prejudice 
must be shifted, and materials must be shifted. Those accounts, 
orders, habits, prejudices, and materials have inertia and there 
are lots of those inertias, and they are not all alike. Lots of 
inertia means that a big force must be applied to get service or 
thai the new thing must be designed to cause minimum shift in 
accounts, orders, habits, prejudices, and materials. Plenty of 
current in the cable seems to be the key to the situation. 

A big force such as a compelling law is probably not a possi- 
bility at this time. Therefore, the practical thing to do, seems 
to be to minimize the difficulties attached to installing, operating, 
and maintaining receivers on vessels. Simple receivers can be 
used if there is enough current in the cable. 

Using weak audio frequencies in the cable means that ampli- 
fiers will be required on ship board. The first cost of amplifiers 
alone may cause some of the various human elements in a steam- 
ship management to hesitate, postpone, dicker, or cancel the 
project. Also various individuals connected with the manage- 
ment usually make private inquiries of radio operators, inspec- 
tors, engineers, and their amateur friends and relatives. From 
these various sources they can get stories to the effect that 
amplifiers howl, the bulbs burn out, the batteries run down, 
the transformer circuits break open, the apparatus must be kept 
dry, a great deal of skill is required to locate the coils and appara- 
tus properly and to operate them, lighting circuits and sparking 
generators and electrolysis and striking metal of the ship’s ma- 
chinery and vibration make noises in the amplifier, two amplifiers 
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will not work alike, and one amplifier will not work twice alike. 
Also they can get more or less contradictory stories to the effect 
that amplifiers are wonderful things which anybody can operate. 
One class of salesmen may try to sell amplifiers to the steamship 
companies, which he claims will give no trouble, while another 
class of salesmen may try to sell them a service on the basis that 
a service company is necessary to instal the entire receiving 
system properly, instruct the users, and maintain the system. 
Another class of salesmen may try to sell them a service which 
also includes operation by their radio operators. As a result, 
the steamship management may be more or less divided in 
opinion and have a general idea that an inexpensive system 
might not be in working order when needed and a more expensive 
service might run them ashore instead of in the channel. The 
net result would probably be for most of the steamship com- 
panies to wait for some other company to try it first. Such 
waiting means delay if not failure because fogs do not occur 
relatively often. For example, at a given port, fogs which could 
not be traversed may not exist more than a total of one hundred 
hours per year or a little over one per cent. of the time. This 
may mean that a given vessel would have only one chance in a 
hundred of having an opportunity to use its apparatus in that 
port. And if only a few vessels were equipped there might be a 
long time between convincing demonstrations or a general dis- 
couragement as to the '*worthwhileness" of the device, while with 
hundreds of vessels equipped, the cable price should be quickly 
saved to the nation. Such valuable services would keep up an 
enthusiastic interest and service. 

The equipment of numerous vessels seems to be necessary 
to render sufficient service to create a permanent practice and 
public service. It appears that the surest and most effective 
procedure for such a port as New York, is to install a cable sup- 
plied with sufficient current to be receivable on shipboard with 
a simple durable coil and a pair of telephone receivers and a 
duplicate auxiliary cable for use in case the first cable is 
damaged. In a port like New York the cable would probably 
be damaged by anchors until a large number of ships were 
equipped with receivers so they would have no excuse for 
anchoring. These simple receivers would be so inexpensive 
and durable as to remove hesitation on the part of the steam- 
ship companies. 

As the development of this art is for the publie service, the 
Government could also quite properly expedite the equipping 
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and reduce the ratio of expense to service by such expedients as 
follows: | 

(a) Giving steamship companies the data for construction 
of receiving coils. . 

(b) Advising steamship companies where coils and tele- 
phones can be purchased. 

(c) Loaning sets of coils and telephones to each steamship 
company. 

(d) Loaning coils and telephones to the masters, mates, and 
pilots to be used between pilot ship and dock. 

(e) By operating the cable at certain hours on heavy sailing 
days for practice. 

(f) By notifying the vessels as to when these practice signals 
are to be sent and requesting reports on how they were received. 

A vear of such procedure could result in more than a majority 
of the United States vessels being equipped and a number of 
instances of saving in time and money. 

This latter situation should make a law possible if necessary, 
which law would compel all United States vessels to be equipped. 

The co-operating with the steamship companies in this re- 
spect and the removal of the need to anchor should automatically 
stop the fouling of the cable. 

With the art once established, the steamship companies would 
want improvements such as visual indicators, automatic devices, 
and special services and apparatus from service companies and 
manufacturers. Military branches would have at their disposal 
means for developing useful devices and for the guiding of the 
government craft in war and peace times. 

Five years from now, New York harbor can have forgotten 
` it was ever without pilot cable service or it can be expecting such 
a service some day. 
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RAPID DETERMINATION OF DISTRIBUTED 
CAPACITY OF COILS* 


Bv 
RALPH R. BATCHER 


(WESTERN ELECTRIC COMPANY; NEW YORK) 


The common method of measuring the distributed capacity 
of a coil is to determine by means of a standard condenser con- 
nected across its terminals the amounts of capacitance necessary 
to place it in resonance with a number of known wave lengths. 
By plotting a curve between the values of wave length squared 
and the shunted condenser capacitance, a straight line is produced 
which, if extended, cuts the base line (or the capacity axis) at a 
point corresponding to the distributed capacity of the coil. 

By means of an alignment or nomographic chart, after the 
plan of the one reproduced herewith, the necessity of making a 
curve and much of the procedure in taking the measurements 
are eliminated. 

Figure 1 represents a typical set up for such measurements. 
The condenser C is first adjusted to a value about two-thirds or 
three-fourths (depending upon limits of scale С, on chart) of its 
maximum value and the wavemeter is then adjusted until it is 
resonance with the circuit LC. This value of capacitance is 
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FIGURE 1 


called C,. Then the wavemeter is adjusted to a wave length 
just one-half of the first value and C is then varied until it is in 
tune with the new wave length. Designate this last capacitance 
by C». 
— * Received by the Editor, August 30, 1920. 
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Then, referring to the chart, a straight edge is so placed 
across the scales that it will cut the С, and C; scales at the values 
obtained during the test. Where this line crosses, the Cp scale 
will determine the distributed capacity. 

The accompanying chart is made as follows: Three per- 
pendicular lines are constructed, such as Cp, Cı, and Cs, so that 
the distance between Cp and С, is three times the distance 
between C, and С». The scales are laid off so that one unit of 
capacitance is equal to one unit of distance on the Cp scale, one- 
twelfth unit of distance on the C,, scale, and four-ninths unit of 
distance on the C; scale. This arrangement of scales represents 
only one of а number of possible arrangements that will function 
in the same manner. 

For more accurate results, the distributed capacity can be 
found starting with other wave lengths as a basis, and the 
resulting values averaged. 


SUMMARY: A measuring method and chart for the rapid determination of 
the distributed capacity of a coil are given and explained. 
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MODULATION IN RADIO TELEPHONY* 


By 
R. A. HEISING 


(WESTERN ELECTRIC COMPANY, NEW York, N.Y.) 


1. The radio telephone, as an improvement on the radio 
telegraph, depended upon the development of three things: 
(a) a source of sustained radio frequeney currents, (b) а voice- 
operated means for controlling the amplitude of the radio fre- 
queney oscillations, and (е) an amplitude indicating detector. 
The first and third of these requirements were first met. Sus- 
tained wave generators of various forms and rectifying detectors 
were brought out about fifteen vears ago, but a satisfactory 
modulator was not secured until later. The actual realization 
of the radio telephone was so dependent upon the modulator 
that the development of the latter may be considered the most 
Important step in the production of the radio telephone. 

The early experimenters in radio telephony made use of 
the ordinary. telephone microphone as a modulator. Its in- 
ability to handle large powers, or to work in parallel was quickly 
observed. Building large microphones did not solve the problem 
and attention was diverted in other directions. To accomplish 
the desired results, many complicated mechanical and electrical 
contrivances were devised, but they did not prove satisfactory. 
Technically workable radio telephone systems comprising these 
crude modulators and sustained wave generators. had been 
devised when there came into the field a new instrument which 
was destined to revolutionize completely the major part of the art. 


2. THE AUDION 
With the invention of the audion or 3-clement. thermionic 
amplifier by de Forest, the art of radio communication received 
its most valuable contribution since its conception. The audion 
has properties such that all three requirements for practical 
radio telephony were solved at once. Being essentially an 
amplifier, it can generate oscillations as ean all amplifiers. It 


‘Received by the Editor, November 1, 1920. Presented before Tug 
INSTITUTE OF RADIO ENGINEERS, New York, December 1, 1920. 
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can modulate oscillations because it acts as a variable resistance 
in its amplifier action. It can detect oscillations because of 
the shape of its characteristic curve, and it can amplify weak 
signals to any degree of loudness. It is, because of its mul- 
titudinous uses, the most universal element in the radio field. 

As a modulator, the audion may be used for any type of 
generator: mechanical, arc, or audion generator, but the manner 
in which it is used varies somewhat in the different cases. The 
various forms in which it can be used in connection with the 
audion generator are considerably greater in number than the 
forms in which it can be used in connection with the others. In 
this paper there will be described only those forms which are 
efficiently applicable to medium and small power sets and in 
which the generator is of the audion class. 


3. THE MODULATED WAVE 


Before going into the discussion of modulation systems. 
it may be desirable to say a word or two about the modulated 
wave. By a modulated wave or a modulated current is meant a 
sustained wave or radio frequency current the amplitude of 
which varies in accordance with the desired signal to be sent. 
An example is shown in Figure 1. The current is represented 
by the equation 

1= А sinwt(1+K sin v t) (1) 


where the average sustained amplitude is A when no signal is 
being sent. As soon as a signal wave, such as the simple sine 
wave indicated in the figure, is to be transmitted, the amplitude 
of the radio frequency wave varies accordingly as shown. It 
is indicated as varying between the limits of zero and 2А in the 
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FIGURE 1—Completely Modulated Antenna Current (К = 1) 
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diagram. This wave is a completely modulated wave. Stated 
mathematically, we would say that in equation (1) the constant 
K is unity. In case the signal wave is of such an amplitude 
as not to reduce the radio frequency amplitude to zero at any 
time, we have an incompletely modulated wave as shown in Fig- 
ure 2. In this case, K is less than unity. Such a condition is very 
undesirable. It wastes power. A received signal is dependent 
upon the variation in the transmitted wave amplitude rather 
than upon the antenna current reading. The wave in Figure 1 
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FIGURE 2—Modulated Antenna Current (К = 14) 


will give four times the received signal energy of that in Figure 2 
altho the antenna currents will give approximately equal 
ammeter readings. As much power is required for the second 
signal as for the first, so that the efficiency of the second is only 
one-fourth that of the first. We should, therefore, always use 
radio svstems which will give complete modulation. 

In actual telephonic conversations, the wave is never com- 
pletely modulated at all times. А speech signal consists of 
several frequencies of different amplitudes. It is expected that 
the louder notes will completely modulate the wave while the 
weaker ones will not. This allows the possibility of the ampli- 
tude variation being reproduced at the receiving end. It is 
usually best so to construct the apparatus that the loudest notes 
will tend to overmodulate the wave. "They are then distorted 
a small amount but the distortion is not objectionable. The 
increased volume of the weaker notes more than makes up for 
the distortion of the stronger ones, if the latter do nót consist. 
of more than ten or twenty per cent of the signal. 

A high frequency current such as expressed in equation 
1 and shown in Figure 1 represents radio frequency power in the 
antenna which varies with time as shown in Figure 3. The 
expression for high frequency power 
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VR = RA? sin! wt(1t+K sin Y t)? (2) 
when integrated over the radio frequency cycle gives 
2 
poto (1+K sin y t)? 
RA? ; К? К? 
= > (1+2К а {{4+-—-— z ©0821) (3) 


2 
This gives the power as consisting of 2 when not signalling 


(К =0) and having single and double frequency components 
when a signal is sent. If K is unity, the effective radio fre- 
quency power rises to a peak value equal to 4 times the non- 
signalling value and has an average value of 3/2 the non-signalling 
value. a 


FIGURE 3—Effective Power of Radio Frequency Current in Antenna 


Integrating (3) over a signal frequency cycle gives 
p_ 3(4) 

72 (2) (4) 
as the radio frequency modulated power delivered to the antenna. 
That is, the power content of a completely modulated wave is 
3/2 the power content of an unmodulated wave of the same 
average current. It is to be noted from this that, since the 
antenna ammeter reads effective value of current, the read- 
ing will rise by the factor 4/1.5 when a wave is modu- 
lated. | 

The modulated current in equation 1 can be resolved into 
a carrier wave and two side frequencies. The power contained 
in the components is: | 
^ 
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Wave Amplitude Power 


2 
Carrier % А 
Upper side frequency wt+¥ 5 m 
Lower side frequency w—¥ 4 28 T 


This indicates that | of the radio frequency power is in the 
two side frequencies and 5 in the carrier. In systems where 
the side frequencies only are transmitted and the carrier is not, 
but is put in at the receiving station, we will require only 4 the 
radio frequency power to produce the same signal as can be pro- 
duced by the side frequencies with the carrier frequency. This 
greater efficiency is often only apparent in tube sets, as many 
inefficiencies enter into the construction of such a system which 
neutralize much of the advantage to be gained. This type 
of radio signal is not, however, common, while the one indicated 
in the diagram and in equation 1 and containing the carrier is, 
and only such systems as produce the latter type of wave will 
be discussed. 


4. SYSTEMS ОЕ MODULATION 


Systems of modulation may be classified in any number of 
ways. Опе classification divides them up into systems of: 
. Absorption. 
. Detuning control. 
. Amplification control. 
. Non-linear or assymetric conductance. 
. Generation control. 
. Frequency conversion. 
This will fairly broadly cover the field. There are, however, 
many systems which do not fall exactly under any one of these 
classes but which may be combinations of two or more. The 
radio art is growing so rapidly that this classification may have 
to be extended at any time. 
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5. VAN DER BIJL SYSTEM 
One of the earliest radio systems we used is known as the 
van der Bijl system (United States Patent Number 1,350,752). 
It is the system which we employed in our experiments at 
Arlington in 1915 when we transmitted speech successfully from 
Arlington to Paris, San Francisco, and Honolulu. The system 
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has been described briefly in the paper by Messrs. Craft and 
Colpitts in the ‘‘Proceedings of the American Institute of Elec- 
trical Engineers” of March, 1919. The circuit used at Arlington 
is shown in Figure 4. In Figure 5 is shown the modulator cir- 
cuit together with a diagram which illustrates the principle of 
operation. This system is based upon the fact that the audion’s 
characteristic curve is a parabola. It is classified under the head 
of modulation by amplification control. 
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FIGURE 4— Experimental Circuit at Arlington, 1915 
The equation of the tube as given by van der Bijl is 
i= А(Еь +6 Е. К)? (6) 
The slope of the curve 15 given by the equation 
di 


ip, "74^ (Ev - Е. + К) (T) 
and is a straight line function of the potential on the grid. А 
characteristic curve and a curve indicating this variation in 
slope are shown in Figure 6. These equations hold only as long 
as E, 15 positive, Ec is negative, and Ey+E.+K is positive. 
In this svstem use is made only of that part of the curve for which 
these equations hold. : 

If a small radio frequency voltage is impressed upon the grid , 
the amplitude of the radio frequency current in the plate circuit 
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Figure 5—van der Bijl Modulation System 


depends on what part of the characteristic curve the voltage 
happens to operate upon. If it operates where the slope is large 
the alternating plate current will also be large. If it operates 
near the bottom of the curve where the slope is small, there will 
be scarcely any alternating plate current. By sliding the small 
alternating voltage up and down the curve, a current with a 
continuously varying amplitude may be obtained, the magnitude , 
of which is proportional to the curve slope at the point of opera- 
tion. Thus by using the signal voltage to slide the small radio 
frequency voltage up and down the curve, it is possible to pro- 
duce in the plate circuit an alternating current, the amplitude 
of which varies according to the signal voltage. 

This is illustrated in Figure 5 by impressing upon the grid 
the voltage wave indicated with the time axis running downward. 
The amplitude of the radio frequency voltage is smaller than 
that of the signal voltage and the amplitudes of both are so 
chosen that onlv that part of the curve referred to before is 
operated upon. The resulting space current is then of the form 
indicated by the curve, the time axis of which runs to the right. 
Inspection will show that the amplitude of the radio frequency 
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current is not the same at all times but that it varies in accord-. 
ance with the signal. On taking out the radio frequency cur- 
rent by means of a tuned circuit it will be found that the envelope 
of the peaks of the wave is of the form of the desired signal, or 
in other words that the radio frequency current is modulated 
in accordance with the signal to be transmitted. The small 
amount of modulated radio frequency current secured is then 
amplified until of sufficient power to be put into the antenna. 
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Picture 6—Characteristic Curve and Curve Slope of Audion 


The efhiciency of this system is determined by the last ampli- 
fier as is that of all systems in which a small amount of power is 
modulated and then amplified. By efficiency is meant plate 
efheieney only: modulated radio frequency power into the an- 
tenna circuit divided by plate power supplied. Filament power 
is not considered. The last stage of the amplifier takes most of 
the power and will be the only one considered in the simple 
discussion to. follow. The power taken by the last stage is 
always Es To In û proper amplifier,, and the maximum power 
Which it. can deliver tothe antenna is s Eo Jp. is the maximum 
steady power plate circuit) efficienev of the amplifier and runs 
from 25 to 90 pereent, depending upon the type of amplifier. 


! See Appendix for a definition of a “proper amplifier." 
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The power delivered to the antenna is given by equation 3 as 
Er Mu" 
pec. (1+K sin ¥ t) (8) 


The maximum value that this has at any instant is (for К =1) 
2 RA? and this peak value must be supplied by the amplifier 
tubes. "Therefore 


2 ed 
2RA?=€ EIs or RA 2 EM (9) 
Substituting in (8) and integrating over a cycle we get 


à 
= — I 
Da» gc E b (10) 


or the efficiency of an amplifier delivering modulated current 
is only 3 the plate cireuit efficiency of the amplifier itself un- 
der maximum power conditions. The efficiency is lowered further 
if we consider the power consumed by the oscillator, modulator, 
and any previous amplifier stages. 

The low efficiency of amplifier systems in comparison with 
some of those systems to be described later is caused by the 
requirement that full plate current be supplied even when no 
signal is being sent. Under this condition, the plate efficiency 
is about 14 the maximum possible and a lowering of the system's 
over-all transmitting efficiency results. Sometimes it is sug- 
gested that this inefficiency be overcome by applying such a 
negative voltage to the tubes that the space current is reduced 
to a small amount under the non-signaling condition. The 
over-all efficiency is thus raised almost to that of the other sys- 
tems, but а big distortion occurs. Only half the modulated 
input wave then operates upon the grid and the alternating space 
current has an amplitude approaching the square of the input 
instead of a direct proportionality. This distortion is much 
greater than that produced by the curvature of the tube's 
characteristic curve and may be great enough to be objectionable. 
True amplification of the original small amount of modulated 
power is thus not secured. The choice between quality and 
efficiency in amplifier systems is a question to be decided accord- 
ing to requirements. 

In the set used at Arlington in 1915, a small tube operating 
on a plate potential of 120 volts generated a sustained wave of 
constant amplitude. "The incoming telephone line was provided 
with an amplifier in order that the signal impressed on the 
modulator would be of sufficient amplitude to carry the radio 
frequency sustained wave over the entire range of the modulator's 
‚ ? Sce Appendix for a definition of an "improper amplifier." 
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characteristic curve. The modulated radio frequeney current 
resulting was taken out by means of a tuned circuit and Impressed 
upon two stages of amplifiers, the last one of which delivered 
power to the antenna. The first amplifier consisted of from 
2 to 12 audions in parallel depending upon the wave length and 
the number of power tubes used. The power amplifier consisted 
of from 300 to 550 audions. Tuned circuits were used to take 
the radio frequency wave out of the first amplifier and impress 
it upon the grids of the power tubes. The amplifiers in this 
cireuit differed in no way except size from those which would 
be constructed to amplify any single frequency. A few resist- 
ances were used in the various tuned circuits in the amplifier 
for the purpose of stablizing it against oscillations. 

The filaments of the power tubes, and for a time of the first 
amplifier, were lighted. by alternating current. In order to 
reduce the disturbing effect upon the modulated current by the 
alternating potential along the filament, a choke coil in which a 
middle tap was provided was connected across the leads. This 
tap was used as a common point for both the grid and plate 
circuits. This worked successfully and no disturbing effects due 
to the alternating filament potential were noticed at the receiving 
stations. 

Photographs of some of these pieces of apparatus are given 
in Figures 7 to 10. Figure 7 shows the modulator and the 
amplifiers. The modulator tube with its cireuit was in a box 
by itself. The amplifier tubes were partly in the box containing 
the eireuits and partly in an additional box. All of these boxes 
were lined with sheet iron which was grounded. so as to reduce 
electrostatic disturbances and magnetic feed-back from the 
antenna or antenna Cireult. The power tube racks are shown 
in Figures SN, 9, and 10. These racks were built to hold 50 
audions each. Some of the audions were mounted and some 
were not. Some of the racks were installed and put into opera- 
tion before a base had been designed for the tube. 

It may be interesting to know that we had some bad quality 
trouble on account of the low resistance of the antenna. When 
working at 6.000 meters. the antenna inductance was about 
] millihenrv and the total antenna circuit resistance was slightly 
under 2 ohms. These gave a sharpness to the antenna circuit 
tuning which reduced markedly the amplitude of the side fre- 
queneies. The sharpness was such that with loose coupling to 
the antenna. the quality was changed enough to make voices 
almost unrecognizable. It was therefore necessary to couple 
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more closely than would be done to get the maximum power 
which could otherwise be secured. 

The operation of the set as a whole was satisfactory. Com- 
pletely modulated power was easily obtained and was of very 
good quality. 

A slight modification of this radio system is given in Figure 
11 (Patent Number 1,199,180). It consists of a modulator tube 
having 2 grids instead of one and having the oscillator supply 


Figure 7—Modulator and First Amplifier in Arlington Experimental Set, 1915 
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a sustained wave to one grid while the signal frequency was 
impressed upon the other. The action of the two grids with 
their separate emf.’s is approximately the same as that of a 
single grid with the two emf.’s superimposed. Beyond the 
slightly different modulator construction, the system does not 
differ materially from that of van der Bijl. 


6. CoLPITTs’ SYSTEM 


Under the head of svstems for the control of generation 
may be placed the radio transmission system devised by Dr. 


E. Н. Colpitts and shown in his Patent, Reissue number 14,380. 
The diagram is given in Figure 12. The principle in this case 
is that the grid of the tube, being a control member, can control 
the amplitude of the generated oscillations according to a signal 
impressed upon it. А modification, in which the circuit ar- 
rangement is different but which retains the principle, was 
made Ьу Logwood (Patent number 1,218, 195) and is shown in 
Figure 13. 
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FIGURE (j— Power lube Raeks, -econa Group 
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This type of radio system has not proved entirely satisfactory. 
Its greatest objection is that it does not readily give complete 
modulation. A control curve for a circuit of this type is shown 
in Figure 14. This curve gives antenna current as a function 
of the control potential applied to the grid. As long as the signal 
is small no trouble is encountered. If the signal potential works 
between the points X and Y on the curve, a modulated current 
such as curve J in Figure 15 is produced. If, however, the 
signal is a trifle stronger and goes to the left of X, a break 


FIGURE 10—Power Tube Racks, Third Group 
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occurs. Oscillations cease abruptly at that point and do not be- 
gin again on the return movement until the point B is reached, 
when they start as suddenly. There is, therefore, a region be- 
tween the dotted lines erected at A and B in which oscillations 
occur only so long as the controlling signal stays upon the upper 
control curve and does not pass to the left of the point A. 


Figure 11—Double Grid Modulation System 


Curve II in Figure 15 represents a wave produced by a signal 
which is too strong. It will be observed in this case that, a sud- 
den break occurs in the radio frequency amplitude at a certain 
point and that oscillations do not begin again until the signal 
potential has moved back to a different value than it had when 
the oscillations stopped. 

Thisbreaking up of the signal by alarge amplitude in the signal 


Figure 12—Colpitts’ Radio System 
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FIGURE 13—Logwood’s System 


waves, produces a very bad quality. If the signal is not large, 
the quality is good, but the modulation is incomplete and the 
system is very inefficient. If an oscillator is adjusted under 
ordinary conditions which give maximum power and very good 
efficiency, the percentage of modulation secured is of the order 


of 20 to 30 percent. It is possible to adjust oscillators so that 
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FIGURE 14— Controlled Oscillator Control Curve 
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the control curve is not discontinuous as indicated but of such 
a shape as to give complete modulation. However, such an 
adjustment is hard to secure and does not give good efficiency 
nor much power. A very careful adjustment must be remade 
each time the wave length is changed or each time the set is 
attached to a new antenna. 
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FiavnRE 15— Effect of a Strong Signal on a Controlled Oscillator 


А system operating on the control of generation principle 
appears at first as most nearly ideal. Such a system could be 
either the Colpitts' system Just described or one of many systems 
where another tube is connected to the plate or grid to con- 
trol the amplitude of the oscillations. In any case, it is neces- 
sary that the circuit be constructed to accomplish in its 
operation one of the following: 

1. Vary the current taken by the oscillator, the voltage 
and efficiency remaining approximately constant. 

2. Vary the voltage across the oscillator, the current and 
efficiency remaining approximately constant. 

3. Vary the efficiency of the oscillator, the power supplied 
remaining approximately constant. 

4. Vary both power and efficiency. 

That is, the tube circuit must be so constructed that the 
power or efficiency is varied, or both. 

Of these, the first two are ideal, but are not attained in prac- 
tice. Most come under the third. The fourth cannot be dis- 
cussed unless a large number of possible combinations are 
assumed, but the third can be quickly pointed out as inefficient 
in comparison to others. 
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The high frequen cy power in a simple modulated wave as 
given in equation 3 is "RE 
p-P(lctsnWt* © © | ED 
The largest value occurring at any instant is 4 P and the smallest 
zero. The oscillator must be capable of delivering 4 P power to 
the antenna circuit with the constant plate supply E» I» and can 
do so at the efficiency = which is the maximum plate circuit 
efficiency the oscillator can have. 4 Р is therefore equal to є Es Гь 


= h , (1+sin > t)? (12) 


and p= 


The efficiency must из be varied while talking according 
to the expression (1+sin № t)?/4 to give the proper modulated 
current. Integrating the equation for power over a cycle gives 


3 
Pes = ge Ev T (13) 


This, it will be observed, is the same as for systems which modu- 
late and then amplify as previously described (equation (10)), 
and is only half as efficient as some systems to be described later. 

If the modulation is not accomplished by varying the effi- 
ciency, it might be accomplished by one of the first two classes, 
in which case the ideal condition is obtained. No audion radio 
circuit could be more efficient. However, the efficiency of oscil- 
lators varies with voltage and with current to a considerable 
extent and with the controlling circuit attached to the grid or 
plate, it is almost sure to vary. The result is that systems 
behaving ideally have not yet been produced. The best con- 
trolled oscillator circuits, tho equal in efficiency to those to be 
described later, have the disadvantages of complexity or distor- 
tion or both. 


7. MODULATION BY ÁSSYMETRIC CONDUCTANCE 


А system which should be classed under the head of modula- 
tion by assymetric or non-linear conductance, is given in Figure 
16. Radio frequency and signal frequency voltages are im- 
pressed upon a rectifier and a radio frequency tuned circuit in 
series. The radio frequency and signal frequency sources pro- 
duce а wave as indicated in Figure 17. "The signal in this case, 
as in all cases, is chosen as a simple sine wave of one frequency. 
The amplitudes of the signal wave and radio frequency wave are 
approximately equal tho not necessarily so. When this com- 
bination is impressed upon the rectifier, the unilateral conduct- 
ance of the rectifier passes only the current flowing in one direc- 
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Н. X. GENERATOR. 


FIGURE 16—Assymetric Conducting Modulation Circuit 


tion as shown in Figure 18. This rectifying action causes a 
modulated current to be produced. Inspection of Figure 18 
will show: that the current represented contains a modulated 
radio frequency component. The audio frequency component 
readily passes thru the radio frequency transformer in series with 
the rectifier while the radio frequency component transfers power 
to the antenna or tuned circuit. The radio frequency component 
contains numerous harmonics besides the modulated wave, 
which will cause the flattening of certain peaks. The tuned 
antenna or radio frequency circuit screen out most of these 
harmonics while conducting the modulated wave, and the flat- 
tened waves are corrected. 

In the construction of a circuit of this type, it is necessary 
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FIGURE 17—Input Wave to Assymetrie Modulator 
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that the signal frequency amplifiers have low impedance for the 
radio frequency current and that the radio frequency generator 
have low impedance for the signal frequency currents. An air 
core transformer usually accomplishes the latter sufficiently, 
while, as shown in the diagram, a resonant circuit 1s placed across 
the signal frequency amplifier to accomplish the former. 
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FIGURE 18—Rectified Current from Wave of Figure 17 


The system as described considers the rectifier as strictly 
unilateral. That is not necessarily so. The conductance curve 
should be other than a straight line (preferably a parabola) in 
which case it will work satisfactorily. In a system as shown, the 
signal frequency source must supply practically the same amount 
of power as does the radio frequency source. This, of course, 
is not delivered to the antenna in any way and the efficiency of 
the system is between 25 and 50 percent. If only a small amount 
of power is modulated and then that is amplified into the antenna, 


the efficiency will be practically that of the last amplifer— 7 « 


(from equation (10)) the same as for all modulator-amplifier 
systems. 


8. MODULATING ÁMPLIFIER SYSTEM 


Another system which falls under the head of modulation by 
amplification control is illustrated in Figure 19. This system has 
many characteristics in common with the van der Bijl system 
as well as with the rectifier system just mentioned. The circuit 
used is practically the same as for the van der Bijl system. Ап 
oscillator supplies a constant alternating potential to the grid 
of an amplifier while superimposed upon it is the signaling 
potential from the transmitter. The combination of the signal 
and radio frequency waves has approximately the same form as 
that applied to the rectifier system and shown in Figure 17. 
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The radio frequency is then variably repeated, or in other 
words, variably amplified in accordance with the audio signaling 
wave. The modulating amplifier system is an improvement 
upon the van der Bijl system in that the radio frequency voltage 
impressed upon the grid is equal to or greater in amplitude then 
the signaling voltage instead of being very much smaller, and 
also in the fact that it is possible to produce sufficient power to 
deliver directly to the antenna. 


Ficure 19—Modulating Amplifier Circuit 


This svstem makes use of the unilateral amplifier character- 
istic of the audion. If we impress upon the grid of the modu- 
lating tube a constant negative potential plus the signalling and 
radio frequency wave of Figure 17, there will be produced in 
the plate circuit. of the tube a current of practically the same 
wave form as the current thru the rectifier indicated in Figure 18. 
The constant negative potential applied to the grid is such that 
the space current is zero when no signal or radio frequency emf. 
is applied. Upon the application of the two voltages, the char- 
acteristic curve is operated upon to the extent that unidirectional 
pulses of space current flow, the magnitudes of which depend 
upon how much of the characteristic curve 1s operated upon. 
The antenna is tuned to take out the modulated radio frequency 
component and by-pass the harmonics and signal frequencies 
the same as in the rectifier system. "The quality produced by 
this system is dependent upon the shape of the characteristic 
curve of the tube, and would work better if the tube had a straight 
line characteristic, or one of reversed curvature from that of 
the actual curve. 


Some actual curves for a system of this kind are given in 
Figure 20. A radio frequency voltage of approximately 325 
volts peak value was impressed upon the grids of the modulating 
amplifier tubes. The continuous potential applied to the grid 
was varied slowly while leaving the radio frequency voltage 


FIGURE 20—Operational and Control Curves of Modulating 
Amplifier 


constant, giving the space, grid, and antenna current curves 
indicated. There is also shown the characteristic curve of the 
tubes themselves, and an efficiency curve for the plate circuit. 
These curves show that a signal voltage with a peak value of 
80 volts will work over the entire desirable range on the curves 
and give а completely modulated radio frequency current. 
The condition of operation is to apply a continuous negative 
potential of 280 volts to the grid, in which case there will be 
flowing antenna and space currents indicated by the letter X 
in Figure 20, and then impress at the same time a signal wave 
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of 80 volts peak value. The point about which the radio fre- 
quency voltage varies is moved up and down these curves by the 
signalling voltage, going from 200 to 360 and giving in the antenna 
а modulated wave. Under the conditions mentioned, the 
antenna current will vary about a value of 1 ampere, rising to 
1.9 and decreasing to zero. A completely modulated, tho 
slightly distorted antenna current is thus secured. | 

In a discussion of the theory and efficiency of this system, 
it is difficult to express the behavior mathematically due to the 
shape of these curves. An inspection shows that over the range 
of operation referred to (W to Z), the curves do not vary widely 
from straight lines. If we assume theoretical straight line 
curves for the control, space current, and efficiency curves, we 
can write equations which will express simply the behavior of the 
circuit. "Theoretical curves of this kind are shown in Figure 21. 
The actual curves are shown dotted. The deviation of the actual 
from the theoretical curves is not great in the case of the control 
and space current curves, tho it is a little greater in the case of 
the efficiency curves. Time curves of antenna currents due to 
the theoretical and actual control curves are given in Figure 22. 
These show that the deviation of the actual curve from the theo- 
retical is so slight as to affect by but a small percentage any com- 
putations we may make. Comparison of actual and theoretical 
space current curves shows a like result. For the purpose of 
pointing out the efficiency and power in this system, the hypo- 
thetical straight line curves of Figure 21 will be used. 

Suppose we represent the space current when signaling by 
the equation 


i = 1ь (1-4-sin y t) | (14) 


where Is is the average current flowing thru the tube. Sin vt 
represents the signal wave. This assumes that the signal emf. 
upon the grid is such as to give complete modulation. Аз the 
plate voltage 1s constant the power to the modulating amplifier is 


P, = Es Io (134- sin Y t) (15) 

The average power supplied to the amplifier will be the integral 
of this curve over a cycle and is given by 

Р = Eo Io (16) 


The form of the curve for the radio frequency power to the 
antenna was given in Figure 3 and shown to consist of a single 
and double frequency components of signal wave frequency. 
The radio frequency power to the antenna in this case will be 
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the product of efficiency of the amplifier and the power supplied 
to it. The efficiency from an inspection of the theoretical curve 
assumed in Figure 21 is observed to be expressed by the 
equation: 


eff = 5 (1+sin¥ t) (17) 


where = is the plate circuit efficiency at the point so marked 


FIGURE 21— Theoretical Operational and Control Curves 
for Modulating Amplifier—Whole Lines. Actual Curves 
are Dotted 


328 


پت ت —— = 


in the figure. By multiplying this by equation (15), we get 
the expression for radio frequency power in the antenna: 


FIGURE 22—Antenna Current Amplitude Curves from 
Theoretical and Actual Control Curves. 


EIL 
2 (18) 
which will be observed to be identical in form with that given 


previously. This equation for power when integrated over a 
complete cycle gives 


Р, (1+sin VV t)? 


` 3 
Без oda (19) 


The steady power supplied at all times is equal to E» Гь and the 
. coefficient 1 ‹ gives the efficiency of the system аз a generator 


and modulator combined. ғ, which is the maximum efficiency 
of the plate circuit of the amplifier, can have values as high as 
80 or 90 percent. It is common to have values over 60 percent. 
The efficiency of the modulating amplifier is therefore from 
45 to 60 percent while modulating, that is, 45 to 60 percent of 
the direct current power supplied to the modulating amplifier 
is delivered to the antenna circuit in the form of modulated 
radio frequency current. This efficiency is as good as is secured 
with any other vacuum tube system. 

This system of modulation was used in some experimental 
radio sets built for the United States Navy in 1916 and 1917. 
They were described generally as the multiplex set in the paper 
of Messrs. Craft and Colpitts mentioned previously. A sche- 
matic diagram of the transmitter arrangement is given in Figure 
23. In this multiplex set, the intermediate frequency is modu- 
lated by the signaling frequency. This intermediate frequency 
is above the range occurring in the human voice, being in the 
sets constructed 25,000 to 45,000 cycles. A carrier wave of 
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238 meters (1,260,000 cycles) is then modulated by the signally 
modulated intermediate frequency and radiated. Modulation 
of the intermediate frequency by the signal, and of the radio 
frequency by the intermediate frequency is accomplished by 
this system. 


0551 LLATOR AT 
230 METERS. 


OSCILLATOR AT 
25,000 CYCLES. 


MODULATING AMPLIFIER DSLIVERING 
MODULATED POWER TO TUNED 
CIRCUIT. 


UNE. 


SPEECH AMPLIFIER. 
Picture 23—Schematic Diagram of Multiplex Modulating Arrangement 


O. CONSTANT POTENTIAL AND CONSTANT CURRENT SYSTEMS 


Two of the most efficient and satisfactory types of tube 
systems in use are the “constant potential" and “constant cur- 
rent" systems. In Figure 24 is shown the constant potential 
system (Patent number 1,137,315). It consists of a signal 
amplifier tube in series with a radio frequency amplifier tube. 
The signal amplifier tube, or modulator tube if it is wished to 
eall it such, varies the power supply to the radio frequency 
amplifier tube aceording to a signal impressed upon the grid. 
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Fictre 24—Constant Potential Modulating System 
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The latter tube, having a constant radio frequency voltage sup- 
plied to its grid, then converts this modulated power into radio 
frequency power, delivering a modulated radio frequency cur- 
rent directly to the antenna. 

A more general schematic diagram for the constant potential 
system is given in Figure 25. An amplifier tube is connected in 
series with a frequency changer to which it delivers amplified 
power. The frequency changer to be used in this kind of a 


FIGURE 25—Constant Potential System 


circuit is one which adds a frequency and not one which multi- 
plies. Such a frequency changer sometimes used in power work 
consists of a rotor rotating inside a stator. The stator may 
have supplied to it polyphase power at a frequency fe, and if 
the rotating field which it produces rotates oppositely to the 
direction of the rotor motion, the power delivered from the rotor 
is of a frequency equal to the sum of the supplied frequency fz 
and the natural frequency of rotation fi, or it is fitfe. If the 
polyphase power supplied to the stator rotates the field in the 
same direction as the rotor moves, that is with a frequency 
of —fa, the resulting power will have a frequency of fi—f». If 
direct current (zero frequency) is supplied, the resulting fre- 
quency will be f;--0—f;. If we supply to the stator a direct 
current and a polyphase current +f: we will have added to 
these frequencies the natural frequency of the frequency 
changer giving fı and fı +f. Now it happens that a single 
phase current can be considered as the sum of two frequencies, 
that is, we may represent a sine wave by the equation 


I cos wt= Û (e tape t) (20) 


This equation indicates that we may consider a simple sine wave 
as being the sum of two independent alternating currents equal 
in amplitude, equal in their numerical values of frequency, but 
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опе a positive and the other a negative frequency. А single phase 
applied to a stator will produce an alternating field inside of it, 
which alternating field can be considered as produced by two 
poly phase currents which rotate their fields in opposite directions. 
If we apply to the stator direct current and single phase current 
we will get out of the rotor the same frequencies as tho we 
applied a direct current and positive and negative frequencies, 
that is, we will get fi, fitfe, and fi—fe. This behavior of the 
frequency changer provides a manner of producing modulated 
radio frequency current without the actual modulating of the 
radio frequency current by a modulator. 

For radio purposes, we may use a frequency changer the 
natural frequency of which is the carrier wave desired, such as 
Л = 25,000 cycles. From an amplifier there is supplied a mul- 
titude of single phase frequencies fz, fs, and so on, in the speech 
signal and each single phase may be said to consist of +, —fe, 
or +f: —fs, and so on. When these single phase currents, 
together with the direct current or zero frequency are supplied 
to the frequency changer, we have delivered to the antenna 
frequencies of 25,000 cycles plus all of those supplied, or 

25,000 

25,000 +f 

25,000 — f. 

25,000 + fs 

25,000 — f; 
The eombination of these frequencies, it will be observed, con- 
stitutes a radio frequency current modulated by the signal fre- 
quencies fa, fs and so on. 

It is not necessary to go to а mechanical generator or fre- 
quency changer to accomplish this result, as it can be secured 
electrically by using an audion generator. In Figure 25 is shown 
an amplifier delivering power to an audion frequency changer. 
Zero frequency comes from the battery Eo and is the average 
direct. current flowing thru the audions. The amplifier tube 
under the influence of a signal impressed upon this grid, delivers 
plus and minus speech frequencies in the form of single phase 
currents to the frequency changer which latter adds to all of 
them a carrier frequency fı thereby producing in the antenna a 
modulated radio frequency current, or a combination of eurrents 
of the frequencies fi, Л + fs, fi — fs, fit 

This deseribes in general the principle upon which the con- 
stant potential as well as the constant current system operates, 
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but it is desirable for several reasons to go deeper into the cir- 
cuit's behavior, and analyze its operation. A study of the 
characteristic, behavior, and operational curves of the amplifier 
and generator points out many things which are of great 
value. 

Take for instance the circuit as shown in Figure 25 and im- 
press a signal upon the grid of the amplifier. The variation in 
grid potential varies the current to the two tubes in series by 
virtue of the variable resistance of the amplifier. The potential 
of the battery E» is constant, but the drop across the amplifier 
and generator varies as the signal operates upon the amplifier 
grid. In Figure 26, the top horizontal line represents the bat- 
tery voltage. Under the non-signaling condition, the voltage 


Ficure 26—Voltage Distribution Between Amplifier 
and Generator of Constant Potential System 


drops across the amplifier, Ea, and the generator, Ej, are equal. 
Аз the potential of the aniplifier grid varies, the voltage drops 
across the two tubes change according to the curved line. The 
voltage drop across the generator thus varies between approxi- 
mately zero and twice the non-signaling value when a com- 
pletely modulated wave is being sent. The voltage across the 
amplifier varies in a similar way, but is maximum when that 
across the generator is minimum, and vice versa. As the voltages 
across these elements change, the current does also. Аз the 
amplifier grid has its potential changed in a positive direction, 
the effective resistance of the tube decreases and the current 
increases. The reverse occurs when the grid potential is varied 
in the other direction. The variation in potential across the 
generator causes the power taken by it to vary and also causes 
it to deliver а variable amplitude radio frequency current to 
the antenna. 
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In the constant potential system Just described, the source 
of power Eo supplies a variable current at a constant potential. 
The converse of this system is one which supplies a constant 
current at a variable potential. The latter system is described 
briefly in the paper by Messrs. Craft and Colpitts mentioned 
before. The circuit diagram is given in Figure 27. 
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AMPLIFIER (OR MODULATOR). SOURCE OF GENERATOR. “== 
CONSTANT CURRENT. 


FIGURE 27—-Constant Current System Circuit 


The generator and amplifier in this case are connected in 
parallel with а constant current source of supply. "This source 
of supply may be of any form desired, but its simplest and most 
satisfactory form is that of а constant potential generator or 
battery and a large choke coil. The constant current supply 
needs to be constant, or substantially so, in respect to speech 
frequency variations only. Variations due to change in the 
generator voltage, change in amplitude of signals, change in 
antenna resistance, and for very low frequencies such as will 
not disturb the ear, do not necessarily have to be prevented. 
It is only variations in current of the order of frequencies occur- 
ring in the signal which should be prevented from occurring 
thru the direct current generator. 

The division of the current to the amplifier and oscillator 
in the constant current system is shown in Figure 28. The total 
constant space current is Is, which is the sum of the oscillator 
current 7, and the amplifier current J,,. When a sine wave 
signal is transmitted, the currents vary according to the curved 
line. Distances above the curved line represent amplifier cur- 
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rent and those below represent oscillator current. Such a varia- 
tion in the division of the constant current causes the voltage 
across the tubes to vary. The variation in the current to the 
amplifier is caused by the signal being impressed upon the grid 
while that to the oscillator is caused by that part of the constant 
current taken only by the amplifier being varied. As a result 


FIGURE 28—Division of Current Between Amplifier and 
Generator in the Constant Current System 


of the presence of the choke coil a variation of amplifier current 
causes an inverse change in oscillator current, and with it a 
change in voltage. A curve of oscillator space current as a 
function of its plate voltage is shown in Figure 29. This curve 
is a straight line thruout almost its entire length, which means 
that the voltage of the oscillator must vary in practically the 
same manner as does the current. If the current to the oscillator 
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FiGaunEÉ 29—Space Current (7;) and Antenna Cur- 
rent (Ig) of an Oscillator as a Function of Plate 
Voltage 
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is caused by the signal impressed upon the amplifier to take 
the form 

t=I,(1+K sin yt) (21) 
and shown in Figure 28, the voltage across the oscillator must 
necessarily be represented by a similar equation for the reasons 
just mentioned and may be represented by the following which 
is plotted in Figure 30. 


e= Ev (1+K sin yt) (22) 


£ 


FIGURE 30—Voltage Across Oscillator when Current 
Varies as in Figure 28 | 


The power supplied to the oscillator is the product of the current 
and the voltage or 


ei- Es I, (1+ K sin Yt)? 
-E (12K sin yt 5 
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Гівове 31—Power to Oscillator When Signaling 


This equation is plotted in Figure 31. An interesting fact 
to be observed from this equation and curve is that the power 
to the oscillator when the modulation is complete (A =1) rises 
at one point to four times the power taken by it when no signal 
is being sent and to twice the average value taken by both the 
oscillator and amplifier. The power at other points drops to zero. 
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Inspection of the equation shows also that the average power 
over an audio frequency cycle is 50 percent greater than the 
power taken when no signal is being sent. It also shows that 
the power consists of single and double frequency components 
of the speech frequency exactly as does the power represented 
by the antenna current shown in Figure 3. 

The power taken by the amplifier is somewhat different. 
The voltage across the oscillator is also the voltage across the 
amplifier. Тһе current to the amplifier, however is represented 
by the distance between the top horizontal and curved lines in 
Figure 28, and is given by the equation. 


tm =I, (1—K sin prt) (24) 
The power will be the product of the voltage and current or 


2 2 
ei m By Iq (1K? етен) = B1, (1- + em Yt) (25) 


which is plotted in Figure 32 for a value of K equal to unity. 
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FIGURE 32— Power to Modulator when Signaling 


[t will be observed here that the power absorbed by the amplifier 
is à double frequency only of the signaling frequency, that it 
is a maximum at the time no signal is being sent, and that it 
has an average value of one-half the maximum when & com- 
pletely modulating signal is being sent. The power absorbed 
by the amplifier is zero at the instant that the maximum power 
is delivered to the oscillator (X in Figures 31 and 32) and is 
also zero at the time that none is delivered to the oscillator 
(Y in the same figures). It indicates that there is more heat 
energy dissipated in the amplifier when not signaling than while 
signaling. These equations and statements are based upon 
the assumption that the modulator resistance can be reduced 
to zero by making the grid positive. Actually, this cannot be 
accomplished, but it can be reduced sufficiently to give complete 
modulation and conclusions arrived at by considering this assump- 
tion are not far wrong. А ; 

The efficiency of the modulating system as such is given by 
the equation of the power to the oscillator integrated over a 
cycle divided by the total power from the B battery or 
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Ant) (26) 
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If K is unity, which is the condition of transmitting a com- 
pletely modulated wave, the efficiency is 3, that is, three- 
quarters of the direct current power from the constant current 
source goes to the oscillator notwithstanding the fact that the direct 
current instruments indicate that only one-half does. Under the 
conditions of K less than unity, the efficiency of course is reduced, 
becoming one-half when no signal is being transmitted. 

If the plate circuit efficiency of the oscillator is e, the efficiency 
of the entire radio system (neglecting filament power) is ? ғ. The 
value є can have may be anything up to 80 or 90 percent, the 
same as previously mentioned for amplifiers. Ап oscillator 
running on 300 volts E» may have an efficiency of 60 percent 
and one constructed for higher voltages may reach the higher 
figures mentioned. The efficiency of the entire system may, 
therefore, reach values of 60 to 70 percent, which is quite high 
for a radio system. 


10. CoMPARATIVE EFFICIENCY AND PRACTICABILITY 


On comparing the efficiencies of these systems, it will be 
observed that the constant potential, constant current, and 
modulating amplifier systems are most efficient and theoretically 
equal. Amplifier systems all fall below by various amounts 
down to an efficiency one-half that of the others. Control of 
generation systems at present known run from an equal value 
down to very small amounts instead of being better. From the 
point of view of efficiency, we would choose one of the three most 
efficient mentioned. 

As regards quality or distortion, the constant current and 
constant potential systems are better than the modulating 
amplifier. The distortion in the modulating amplifier is pro- 
duced right in the generator of the radio frequency and is difficult 
or impossible to eliminate, while in the others, what there is, is 
produced in the modulator and in many cases can be kept out 
of the oscillator by suitable circuits. "The controlled oscillators 
known distort also, and the harmonics of the signaling frequency 
either cannot be eliminated, or if eliminated, it is done with 
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considerable power loss. Amplifier systems, where a small 
amount of power is modulated, can have harmonics of the signal 
frequencies reduced sufficiently by operating on the small amount 
of power modulated, and then amplifying with a distortionless 
amplifier. However, an efficient distortionless amplifier of 
power is hard to construct and adjust and the efficiency of it 
may fall below 25 percent. These considerations, tho not of 
great importance now, may be more important in the future 
when the width of a transmitted band may be limited. 

A factor affecting the practicability of these systems is the 
voltage at which they operate. Some work on lower or higher 
voltages than others. This comparison is based upon using the 
same type and number of tubes to get the same power into the 
antenna. The van der Bijl system, the modulating amplifier 
system, and the controlled oscillator system require 4//2 times 
the plate voltage needed for the constant current system. This 
is because these three systems require all the tubes to deliver & 
maximum power to the antenna at the normal voltage while the 
constant current system delivers the same maximum power 
from one-half the tubes at the instant the modulator and choke 
coil deliver double oscillator current and double voltage (X in 
Figures 28 and 31) to the oscillator. The voltage to the first 
three systems mentioned is constant while to the oscillator in 
the constant current system, it varies between zero and twice 
the average. 

This may be expressed in a simple manner with a few equa- 
tions and show what is hard to explain without them. If J is 
the space current taken by one oscillator tube (or the amplifier 
tube in a two tube constant current set), at voltage V, the power 
delivered to the antenna circuit from the one oscillator tube 18 


p= VIe (27) 
The peak power when modulating is four times this amount or 
P —AVIe (28) 


If the same two tubes (oscillator and modulator tubes) are used 
instead in an amplifier system or a controlled oscillator system 
running at voltage E, the space current per tube will be 


. „Е 

=] >: 29 

i215 (29) 
as the tubes under maximum power conditions have space cur- 
rents proportional to the plate voltage (very nearly) whether 
used as oscillators or power amplifiers. The same maximum 
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power is to be delivered to the antenna circuit at the same effi- 
ciency by both tubes instead of one or 


P=4VIe=2iEe=2 F E: (30) 
giving 
2V?=E? or E-4/2V (31) 


to give the same modulated power from the same number of 
similar tubes in an amplifier or controlled oscillator svstem as 
is needed for the constant current system. 

The constant potential system, of course, requires twice the 
voltage needed for the constant current system. The use of the 
lower voltage alone, in many cases, is а most important factor 
in determining the most desirable system to use. 


11. CONCLUSION 


The five or six modulation systems discussed in this paper 
must not be taken as the only ones possible. The possible com- 
binations of tubes, circuits, and microphones which will produce 
modulated radio frequency currents, seem unlimited. They 
do however, become more complex, are more difficult to adjust, 
or are less efficient. In principle, most will fall under the classes 
described or combinations of them. | 

No general principle can be stated which covers all radio 
systems. Some are truly modulation systems while some are 
systems for producing modulated power. Since the production 
of modulated power is the ultimate object to be secured in а 
rhdio system, all classes have been included in this paper. New 
methods of generation will undoubtedly be invented in the 
future and also new methods of modulation giving combinations 
to be added to those mentioned. 


ADDENDUM 

In the main part of this paper, many important. facts con- 
cerning the constant current system are omitted to avoid cover- 
ing up the main points. The wide use of the system makes it 
desirable to present many of the omitted facts because they are 
of value both to a better understanding of the theory, and in 
designing and building sets. 

The oscillator and its operation has been described by the 
writer in another publication? but it appears desirable to point 
` 3“The Audion Oscillator,” “Journal of the American Institute of Elec- 
trical Engineers," April and May, 1920. 
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out and emphasize certain facts concerning it which аге of im- 
portance in a radio telephone set. Two of these facts are 
observable by referring to the curves in Figure 29. These curves 
represent space and antenna currents of a properly constructed 
oscillator as a function of plate voltage. They are straight lines 
except at the extreme ends. Over the most used part of the 
curves, they are straight lines, which fact insures that if the cur- 
rent to the oscillator is made to take the wave form of a signal, 
the voltage across the oscillator will also have that wave form, 
and if the voltage has the signal wave form, the amplitude of 
the antenna current must have the signal wave form. These 
two straight line operational curves are thus important charac- 
teristics desirable in a set on account of the distortionless modu- 
lation obtained. 

It is not absolutely necessary that the curves be straight lines 
to secure a distortionless output, as the latter can be secured if 
the curves are alike. That is, the space current and antenna 
current curves must be expressable by the same type of equation 
tho with different constants. A distortionless modulated cur- 
rent is then secured having the modulation form of the oscillator 
current supplied. 

This manner of securing a distortionless output is not as 
desirable as the arrangement having straight line operational 
curves. The latter causes the oscillator to behave like a pure 
resistance to currents sent in by the modulator, while the curved 
curves cause the oscillator to act as a variable resistance, the 
value of which is a function of the current. The desirability 
of an oscillator behaving as a variable resistance depends upon 
the type of modulator or other source of signal power. It may 
produce a distortion all of its own and not allow the current to 
the oscillator to have the wave form of the signal to the modu- 
lator. 

To secure the desired straight line curves for an oscillator, 
two requirements must be observed. They are: 

1. The tube must operate above temperature saturation 
for the filament. 

2. <A grid stopping condenser and leak resistance must be 
used. 

The type of oscillator circuit used is immaterial as all give 
the same results when properly adjusted. 

The curvatures in the operational curves of Figure 29 are 
from two causes. That at the lower end is on account of the 
tube impedance rising rapidly at the low voltage, and that at the 
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upper end (occasionally) 1s caused by lack of temperature 
saturation at that voltage. 

In separately excited generators, such as shown in Figure 24, 
the operational curve is not a straight line. The constant radio 
frequency voltage on the zrid does not give space and antenna 
currents proportional to the plate voltage. To make these 
curves straight, it is necessary to use the modified circuit shown 
in Figure 33. The reason this generator has straight line curves 
like an oscillator is as follows. An oscillator, which has a straight 
line curve, has a grid voltage proportional to the plate voltage, 
because the antenna current which produces the grid voltage is 
proportional to the plate voltage. By making the exciting 
oscillator have its plate voltage vary the same as that of the 
generator tube, radio frequency output from the exciting oscil- 
lator, which is also the generator tube input, will be proportional 
to the plate voltage. The input conditions of an oscillator are 
thus secured for the separately excited tube. 


b eem em e э» c سے‎ =з» a چ‎ ow эр o کہ‎ ow 


om . 
MODULATOR. SEPARATELY EXCITED GENERATOR. 


FIGURE 33—System Using Separately Excited Generator with the Exciting 
Oscillator also Controlled 


In the discussion within the paper, the oscillator or generator 
efficiency є was assumed as constant. As the plate voltage of 
an oscillator varies, the efficiency varies as shown in Figure 34. 
Over the larger part of the range of operation the efficiency does 
not vary greatly, and we are not unjustified in assuming it con- 
stant in our discussion. This actual drop in efficiency at the 
lower values may be explained by referring to Figure 29. It 
will be observed that the antenna current curve strikes the axis 
at a value of E, greater than 0. At this point the efficiency 
must necessarily be zero. If the curve were entirely straight 
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and passed thru the origin, the efficiency would be nearly con- 
stant thruout the range. As it is, however, the efficiency rises 
rapidly with voltage from zero at the value of E» at which oscil- 
lations start and approaches a nearly constant value as the plate 
voltage becomes large. 
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FIGURE 34—Efficiency of an Oscillator or Generator as а 
Function of Plate Voltage 


The point at which we wish the greatest efficiency to occur 
is the point at which the maximum power is delivered to the 
antenna, that is, point X in Figure 31. If the efficiency drops 
a trifle for lower values of plate voltage, we need not concern 
ourselves greatly because we expect that the antenna current will 
drop to zero anyway at certain points, and under the conditions 
in this system at which it does, that is, point Y in Figures 31 
and 32, the efficiency may be low, or may even be zero. How- 
ever, the power delivered to both the oscillator and modulator 
at that instant is also exceedingly small, if not zero, and the low 
efficiency causes very little loss. During the rest of the time 
(between points X and Y), various moderate amounts of power 
are delivered to the oscillator, and the efficiency is nearly con- 
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stant thruout most of it. The fact that the efficiency of the 
oscillator is practically constant thruout that part of the cycle 
when the largest amounts and the greatest part of the power are 
delivered to it, justifies us in our assumption of constant efficiency 
in any but a most exact discussion. 

The design of an oscillator for a telephone set demands the 
proper proportioning of certain elements which may be of small 
importance for the oscillator only. One element is a condenser 
necessary to provide a radio frequency path from the plate to 
the filament and at the same time break that path for direct 
current. See С, in Figure 27 or С, in Figure 33. This con- 
denser must also break the path for signal frequency currents so 
as to force them thru the tube, and therefore cannot be too large. 
If the condenser is very large, it by-passes some of the signaling 
current. Power meant for the oscillator is thus wasted. These 
condensers must be no larger than is necessary to conduct the 
alternating space current without producing an undesirable 
phase shift. 

Another part of the circuit, the values of which may influence 
the operation of the set, is the grid leak circuit, that is the sizes 
of the grid stopping condenser and grid leak resistance. The 
negative voltage for the grid is caused by the grid current passing 
thru the grid leak resistance. This usually sets the value of the 
resistance. A negative charge is maintained by the grid stopping 
condenser for the grid. As the signal voltage is impressed upon 
the plate, it is necessary that the negative voltage for the grid 
vary also, otherwise uneven or intermittant oscillator operation 
will occur. To avoid this trouble, the stopping condenser should 
not be so large that it will mainfain a charge that can not leak 
off the grid as fast as the plate voltage falls during a signal. 
It should not be so small as to introduce a phase shift to the grid, 
but should be of such a size that with the grid leak resistance it 
will form a circuit with a time constant much shorter than the 
period of the highest frequency in the signal. In most radio sets, 
no trouble is encountered in making these parts of proper size, 
but if the carrier and signal frequencies are too near the same 
(such as 15,000 and 2,000 cycles), these elements must be care- 
fully considered. 

The most convenient source of constant current for a set is 
a constant potential battery or generator and a large choke coil. 
The choke coil should theoretically have infinite inductance, but 
practically it may be small enough so that its inductive reactance 
at 800 cycles is 3 or 4 times the resistanee of the oscillator or 
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modulator. Making it larger increases the modulating efficiency, 
but the maximum possible obtainable is only approached asymp- 
totically. If the choke cotl has a reactance three times the 
resistance of the oscillator at 800 cycles, about 95 percent of 
the variation in current of that frequency produced by the 
modulator will pass thru the oscillator and 32 percent will pass 
thru the choke coil and battery ‘‘wattlessly.”” If the choke coil 
has a reactance twice that value, 98.6 percent of the current 
will pass thru the oscillator and 16.5 percent thru the choke 
coil and battery ''wattlessly." Beyond these values, the in- 
crease in modulated current 1s very small compared to the in- 
crease in size of the choke coil, and practically is not worth trying 
to save. 

When a direct current generator is used as the B circuit 
supply, its armature inductance is added to that of the choke 
coil in tending to maintain the current constant. 

In the previous discussion of efficiency, no mention was made 
of an adjustment of the constant current system which increased 
its efficiency materially. The assumption was made that the 
non-signaling space current of the modulator equalled that of the 


oscillator. The non-signaling power efficiency is then e In 


practice it has been the custom to make the modulator cur- 
rent one-half that of the oscillator current. The non-signaling 


efficiency is then st This adjustment is possible because 


when a signal is transmitted, the curved characteristic of the 
modulator causes the average modulator current to rise to an 
equal value and the condition necessary for proper and com- 


plete modulation occurs. The efficiency of the set is thus je 


when signaling and T when not signaling. 


In many radio sets it has been the practice to connect a 
resistance across the high side of the input signal transformer. 
The purpose of this resistance is twofold. (a) It improves the 
quality and (b) it stabilizes the amplifier or modulator circuit. 
It has always been the practice in telephone amplifier work to 
place a resistance across the input transformer for the main- 
tenance of quality. An open circuited transformer, especially 
if connected to a capacity load, has a transformation ratio de- 
pendent upon the frequency. This distortion is analogous to 
that produced in a microphone due to the free period of the 
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diafram. Such distortions, tho giving more volume, reduce the 
quality, often to a prohibitive degree. Building a microphone 
for better quality reduces the volume of energy given out mate- 
rially, while building a transformer for the best quality seldom 
reduces it more than 50 percent. The practice has therefore 
been to tolerate the distortion produced in the microphone, but 
avoid the production of any in the circuit. A transformer 
designed to be used with a resistance across it can be made to 
produce no distortion in speech signals. 

The modulator circuit, when not using a resistance across 
the transformer, can be looked upon as consisting of an induct- 
ance between filament and grid, with an inductive circuit be- 
tween filament and plate. These inductances, together with the 
grid to plate capacity produces a Hartley type oscillator and 
oscillations may result. The resistance tends to prevent this. 


Research Laboratory of The American 
Telephone and Telegraph Company, and 
the Western Electric Company, Incor- 
porated, August 23, 1920. 


SUMMARY: After considering the general characteristics of a voice- 
modulated radio frequency current, there is given a systematic classification 
of the various methods of producing such modulation in transmitters using 
three-electrode vacuum tubes. 

The output, efficiency, stability, completeness of modulation, quality, 
and other characteristics of each method of modulation are studied. 

The apparatus and circuits used in the long distance radiophone tests 
at Arlington, Virginia, in 1915, are described. 
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APPENDIX 


The question has been asked why an amplifier system has a 
lower efficiency than the modulating amplifier system when 
there appears, looking at them broadly, to be no fundamental 
reason for it. In answer, it should be stated that it is largely a 
question of quality desired and adjustment made which determine 
this difference. I shall endeavor to point out the underlying 
causes and varying modifications which produce the difference. 

Before beginning the direct comparison, it appears wise to 
define two types of amplifiers—the “proper amplifier," and the 
"improper amplifier." By a proper amplifier is meant one 
which has a constant negative potential of such an amount 
applied to the grid that the operating point falls upon the static 
characteristic curve. This is represented in Figure 35 where 
the negative grid potential e. establishes the point P, as the 
operating point. The dynamic characteristic curve of the tube 


Dynamic — 
Characteristic 
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FIGURE 35—Operating Scheme of a Proper Amplifier 


and circuit is also represented. The input modulated radio 
frequency wave to be amplified is represented with the time axis 
running downward, and the resulting space current is repre- 
sented with its axis running to the right. Amplifiers for tele- 
phone work are constructed upon this principle as they give very 
little distortion. 

By an improper amplifier is meant one which has such a large 
negative grid potential as to cause the operating point to be 
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a considerable distance to the left of the bottom of the static 
characteristic curve. The value of this negative potential may 
be several times the value at which the static characteristic 
strikes the X axis. This is represented in Figure 36. A differ- 
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FIGURE 36—Operating Scheme of a High Efficiency Improper Amplifier 


ent tvpe of input wave is also used, and a different type of output 
current is secured. The dynamic characteristic, instead of being 
a single curve as in the proper amplifier, is a family of curves. 
Each curve of the family is a function of the amplitude of the 
input voltage wave as well as of the tube and attached circuit 
constants. The result is that a varying amplitude wave of the 
radio telephone class uses a whole family of these dynamic 
curves. The output of this amplifier is not the same as the 
input. Ап enormous distortion of the modulated wave itself 
is caused, as can be seen by comparing the modulated component 
of the space current with the input wave. Likewise, a pulsating 
space current of the modulating frequency occurs which is many 
times larger than that produced by the curvature of the char- 
acteristic curve in the proper amplifier. With this type of 
amplifier, ап incompletely modulated wave is impressed upon 
the grid, and the action of the amplifier is such as to deliver a 
completely modulated wave to the antenna. However, a study 
of the svstem will show that considerable distortion of the modu- 
lating signal is produced. Tho this distortion is greater than in 
the proper amplifier, it is not any greater than that produced 
in the modulating amplifier. 

In the comparison in the paper of amplifier systems with the 
modulating amplifier and constant current systems, a proper 
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amplifier was assumed. One of the causes of the great difference 
in efficiency can be seen by a reference to Figure 37. It 15 desired 
to produce in the antenna modulated radio frequency power 
represented by curve I which is the power curve for a wave 
modulated by a single sine signal wave. An assumption is now 
made, for the purpose of simplifying the comparison, that the 
proper amplifier can deliver its maximum power with the same 
plate circuit efficiency as can the modulating amplifier. Such 


P a X Power ѓо Amplifier - Ef. 


Power fo Modulating Ampl/ier. 
El (19 sin vt). 


Figure 37—Power Curves for the Modulating Amplifier (II) and Proper 
Amplifier (III and IV) 


an assumption is to the advantage of the proper amplifier, and 
makes the discrepancy between the resulting efficiencies greater 
than is determined from this comparison. The point at which 
the efficiencies are assumed equal is marked X in the figure. 
At that instant both systems can deliver the desired radio fre- 
quency power with the same plate input. The plate input 
needed is indicated as P;. If a second assumption is made— 
that the tube has a straight line characteristic curve—the hori- 
zontal line, curve III, is the curve of power taken by the proper 
amplifier while delivering the desired modulated radio frequency 
power to the antenna. If this second assumption is not made, 
the dotted line, curve IV, is the power taken in during the same 
time. The variation in power in this case is caused by a varia- 
tion in plate current as a result of the curved characteristic 
curve of the tube. In the modulating amplifier, the same 
power Р, must be taken in at the instant marked X, but since 
the tube has the signal wave impressed upon its grid, as well as 
the radio frequency, the space current is varied according to 
the signal and the power taken is represented by curve II and 
expressed by equation 15 in the paper. The result is that by 
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comparing the power represented by curves II and III, that is, 
by comparing the areas under these curves, the proper amplifier 
is observed to take twice the power and yet deliver the same 
amount. of power to the antenna. This gives it only one-half 
the efficiency of the modulating amplifier. If curves II and IV 
are compared instead, which are the true inputs, the ratio of 
powers is reduced a trifle from the value of two. 

Consideration of the cause of the variation in space current 
produced by the curved characteristic and its effect upon the 
efficiency as shown by using curve IV instead of curve III, lead 
us to an adjustment of the amplifier which brings the efficiency 
nearer to, and can be made equal to, that of the modulating 
amplifier. That is, by changing the adjustment, or other fac- 
tors in the ¢ircuit so that the space current of the tube varies 
with the amplitude of the input radio frequency, the power input 
curve IV can be made to approach more and more closely to curve 
II until they coincide. This is accomplished by increasing the 
negative voltage on the grid until the operating point is moved to 
the left of the static characteristic curve, and changing the nature 
of the modulated radio frequency input so as still to give the de- 
sired output. When this is done it will be found that we have 
the conditions mentioned as existing in the improper amplifier, or 
as represented in Figure 36. In this case curve II stands, not 
only for the power input to the modulating amplifier, but for 
the power input to the improper amplifier, and the efficiencies 
of the two circuits are the same. 

A factor to be considered in the comparison of the proper 
amplifier and the modulating amplifier is the plate circuit eff- 
cieney of the tube at maximum power. Plate circuit efficiency 
must not be confounded with the system efficiencies which are 
being compared. "The system efficiencies being compared are 
secured by dividing the radio frequency power (modulated), 
integrated over a signal frequency cycle, by the plate power taken 
in (either steady or variable), integrated over the same cycle. 
By plate circuit efficiency 1s meant steady radio frequency power 
divided by steady plate power supplied. It is the same as radio 
frequency power, integrated over a small part of a signal period, 
divided by plate power taken in, integrated over the same short 
period. In the comparison first made, it was assumed that the 
plate circuit efficiencies of the modulating amplifier and proper 
amplifier were the same at the time X in Figure 37. The plate 
circuit efficiency of the modulating amplifier at this point may 
be 80 or even 90 percent, but the corresponding efficiency of 
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the proper ainplifier at that point is around 35 percent with a 
maximum possible of 50 percent.* "This great discrepancy puts 
the proper amplifier at a still greater disadvantage than the 14 
ratio pointed out. To get a high power efficiency in the plate 
circuit of a tube, the form of the radio frequency wave must be 
changed from a sine wave, or the method of applying it to the 
grid must be changed. In order to make the efficiency high, the 
sides of the input radio frequency wave must be made very 
steep to make the time during which the resistance of the tube 
is large but finite, extremely small, or else to cause the tube 
to have this variation in resistance at а time that the plate 
potential. has dropped to a low value. These requirements 
demand either a rectangular wave form for the radio frequency 
input, or such a large negative grid potential that only the peak 
of the sine wave operates upon the characteristic curve. The 
latter is the easier to do and is the manner in which the modu- 
lating amplifier, as well as the improper amplifier works. The 
result of using only a small part of the radio frequency wave 
upon the grid thus causes the tube to operate more as а shock 
exciter for the tuned circuit than as an amplifier (tho it can be 
considered as both) and the plate circuit efficiency may rise at 
the point X to the values mentioned—80 to 90 percent in extreme 
cases. 

The proper amplifier is distinctly not a shock-exciting arrange- 
ment and the high efficiencies are never attained. With the 
attainable values around 35 percent, it is obvious that in Figure 
37 the peak power delivered at X cannot be secured with an 
input of only power P,. In fact, the proper amplifier will require 
approximately 2 Р, input at that point to give the desired output 
and the average power taken in over a modulating cycle will be 
very close to that same value. The power curve during this cycle 
will have the form of curve IV, but twice the ordinates or more. 
In the modulating amplifier, due to the high efficiency at X, 
curve II represents the true power in, and Р, (which equals 
Lo P,) is the average power. Thus the proper amplifier with 
the combination of low plate circuit efficiency and а nearly con- 
stant space current during the modulating cycle gives an over- 
all efficiency about 14 that of the modulating amplifier with its 
high plate circuit efficiency and varying space current during 
the modulating cycle. 

I might summarize the conclusions arrived at by saying that 


+ “The Audion Oscillator,” ‘Journal of the American Institute of Elec- 
trical Engineers," R. A. Heising, May, 1920. 
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there are two reasons why a system using the proper amplifier 
is less efficient than the modulating amplifier system. The first 
is that the plate current of the proper amplifier is almost con- 
stant plate current during the modulating cycle while that of 
the modulating amplifier varies with the signal. The second is 
that the maximum plate circuit efficiency of the proper amplifier 
runs around 35 percent, while in the modulating amplifier it 
runs around 80 percent. The first reason gives the proper am- 
plifier an over-all efficiency of a trifle over one-half that of the 
modulating amplifier, and the second reason gives it an over-all 
efficiency of less than one-half that of the modulating ampli- 
fier. The resulting efficiency is therefore around gne-fourth 
that of the modulating amplifier. The efficiency of an amplifier 
system can be raised to that of the modulating amplifier system 
if we change the proper amplifier to an improper amplifier and 
apply an incompletely modulated wave to the grid. The 
efficiencies and distortions in the two cases will then be the same. 


DIGEST OF UNITED STATES PATENTS RELATING TO 
RADIO TELEGRAPHY AND TELEPHONY * 


IssvEp APRIL 19, 1921-JUNE 14, 1921 


By 
JoHN B. Brapy 


(OURAY BUILDING, WASHINGTON, D. C.) 


The object of this section in the PROCEEDINGS OF THE 
INSTITUTE OF RADIO ENGINEERS 1s to make available in eon- 
venient form for research engineers and others interested, brief 
information on radio patents which are issued each week by the 
Patent Office. The rapid development in. this art emphasizes 
the Importance of radio research engineers being familar with 
patent literature to eliminate, as far as possible, the duplication 
of effort in research. It is not the purpose of this section to 
explain radio inventions fully, but merely to indicate the gen- 
eral nature of the patents in order that those of particular in- 
terest to individuals concerned with certain problems may be 
selected, and complete copies of the patents obtained for study. 
Copies of the patents may be secured at ten cents each by com- 
municating with the Commissioner of Patents, Washington, 


D. C. 


Reissue 15,089— Carl R. Englund, East. Orange, New Jersey, 
original application filed March 11, 1916, patented as nuin- 
ber 1,258,548, dated March 5, 1918. Application. for 
reissue filed March 3, 1920, issued April 19, 1921. Assigned 
to American Telephone and Telegraph Company. 


RaprorTELEPHONY. The patent relates to the modulation 
system wherein the carrier frequeney is prevented from reaching 
the antenna at the transmitter and is renewed from a local 
source at the receiver. for operation. with the modulated 
energy. 


* Received by the Editor, June 27, 1921. While great care. has. been 
taken in the preparation of these Digests, THe INSTITUTE OF RADIO ENGINEERS 
assumes no responsibility for their correctness or completeness, or for possible 
omissions of particular patents.—EDITOR. 
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Reissve 15,089—Radiotelephony 


1,375,481—Harold D. Arnold, East Orange, New Jersey, filed 
August 23, 1915, issued April 19, 1921. Assigned to Western 
Electric Company. 


1,375,982—Elihu Thompson, Lynn, Massachusetts, filed Novem- 
ber 16, 1916, issued April 26, 1921. Assigned to General 
Electric Company. 


CONDENSER comprising a series of electrodes of greater 
thickness than the dielectric which separates them, each of the 
electrodes having rounded edges in such a way that there is a 
gradual tapering away of the surface of the electrode from the 
dielectric, thereby avoiding the formation of corona discharges 
at the edges of the electrodes. 


1,375,992—Ernst F. W. Alexanderson, Schenectady, New York, 
filed April 18, 1919, issued April 26, 1921. Assigned to 

General Electric Company. 

Ravio-RECEIVING SYSTEM comprising an antenna circuit 
containing currents due to electromagnetic exposure and an 
electrostatic exposure. The receiving circuit associated with 
the antenna consists of two aperiodic intermediate circuits, each 
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comprising two portions having different phase angle character- 
istics. The two portions of each intermediate circuit are coupled 
with the receiver and may be varied to change the phase of the 
currents impressed on the receiving circuit. 


NuMBER 1,375,982—Condenser 
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NuMBER 1,375,992—Radio-Receiving System 


1,376,051—Albert Hoyt Taylor, Grand Forks, North Dakota 
filed April 10, 1919; issued April 26. 1921. 


NuMBER 1,376,051—Simultaneous Transmission or Reception 
of Speech and Signals 


SIMULTANEOUS TRANSMISSION OR RECEPTION OF SPEECH 
AND SIGNALS in which the transmitter emits two widely different 
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wave lengths with telegraph signals on one of the wave lengths 
and the telephone conversation intermittently on the two wave 
lengths. The receiver contains three oscillatory circuits, one 
of which receives the telegraph signals and the other two of which 
are arranged to combine the intermittent parts of the telephone 
conversation. 


1,376,592—John Sealy Edward Townsend, Oxford, England, 
filed April 10, 1918, issued May 3, 1921. 
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NuMBER 1,376,592—Variometer 


1,376,679—Austen M. Curtis, Brooklyn, New York, filed 
October 10, 1917, issued May 3, 1921. Assigned to Western 
Electric Company. 

RADIO RECEIVING SYSTEM in which the energy of static is 
converted into a form different from the form of the signaling 
energy or into а plurality of different forms of energy, only one 
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of which corresponds to the signaling energy, the latter having 
a definite character to which the signaling receiving circuit is 
selective, so that the effect of the static is reduced in proportion 
to the conversion of the same into the form or forms to which the 
signaling receiving circuit is not responsive. 
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NUMBER 1,376,679—Radio Receiving System 


This is accomplished by using between the antenna and the 
signaling receiving device an intermediate network capable of 
oscillating at more than one frequency. An irregular electric 
wave, such as static, on striking the network will have a portion 
of its energy diverted to the production of the natural oscillations 
of the network. The more nearly the static approaches a pure 
impulse, the more nearly will it be completely changed into these 
natural oscillations. If the frequency of the continuous signaling 
wave is made to coincide with one of the natural frequencies 
of the network and a circuit sharply resonant to this frequency 
is non-reactively, that is, uni-directionally or loosely coupled 
to the network, the continuous wave and also oscillations of the 
natural frequency of the network which are caused bv the im- 
pression of the static upon it, will be produced in the resonant 
circuit; but the natural frequencies of the network other than 
the one which is made to coincide with the continuous wave, 
will be almost completely suppressed. The continuous signaling 
wave will be reduced in amplitude by losses in the network and 
in the coupling. The static will be subject to losses which are 
similar altho different in magnitude, plus a loss caused bv the 
fact that part of its energy has been used in the production of 
natural oscillations which are not appreciably transmitted to the 
resonant circuit. 


1,377,059—Fulton Cutting, Tuxedo Park, New York, and 
Bowden Washington, Cambridge, Massachusetts, filed 
June 26, 1918, issued May 3, 1921. 
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NUMBER 1,377,059—Production of Electrical 
Current Pulses 


PRODUCTION OF ELECTRICAL CURRENT PULSEs by a modifi- 
cation of the Chaffee system. The transmitter circuit includes . 
an auxiliary circuit 10, 11, and 12 having a frequency of about 
three times the frequency of the alternator, which absorbs 
energy at the beginning and end of each wave or alternation of 
the current supplied by the ‘alternator and restores energy dur- 
ing the middle of the wave, thus producing shortened and peaked 
waves separated by periods of substantially no activity. The 
alternator 7 impresses on the system an alternating current 
which is indicated by curve A (Figure 5). The current in the 
auxiliary circuit is represented by curve B. The resultant cur- 
rent represented by C is impressed on condenser 4 and is the 
algebraic sum of the currents A and B. 


1,377,129—Walter Hahnemann, Kiel, Germany, filed January 
2, 1915, issued May 3, 1921. Assigned to the firm Signal 
Gesellschaft m. b. Н. of Kiel, Germany. 

UNDERWATER WAVE TELEGRAPHY which utilizes a Hertzian 
oscillator on the hull of a ship having one of the ends of each 
electrode disposed in a receiver filled with an insulating fluid 
and with their other ends extending into the water outside. 
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NuMBER 1,377,129—Underwater Wave Telegraphy 


The oscillator is energized by a generator at the transmitter 
(Figure 1) and a similar oscillator employed at the receiver 
(Figure 2) connected with an indicating meter. The system 
utilizes an alternating current having a frequency of at least 
3X108 per second, that is, such a frequency as to cause the 
capacity reactance of the transmitting medium at its highest 
value to be equal to the ohmic resistance of the medium. 


1,378,151—Chester H. Thordarson, Chicago, Illinois, filed 
November 6, 1916, issued May 17, 1921. 


NUMBER 1,378,151—Electrical Transformer 
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ELECTRICAL TRANSFORMER of the closed соге type with a 
movable core element for varying the magnetic flux of the trans- 
former core thereby to vary the input of the transformer and to 
vary its output correspondingly. 


1,378,345—Roy Edwin Hall, Chicago, Illinois, filed May 31, 
1919, issued May 17, 1921. Assigned to Hall Research 
Corporation. 
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NUMBER 1,378,345—Method of and Means For Translating 
Energy Variations 
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METHOD OF AND MEANS FOR TRANSLATING, ENERGY VARIA- 
TIONS whereby a tape record of the incoming radio signal is 
obtained. A sound sensitive jet of compressed air is varied in 
accordance with incoming signals and serves to cool an extremely 
fine wire to vary a condition or quality thereof and actuate a 
relay in circuit therewith which, in turn, controls the movements 
of a syphon inker over a progressing tape. 


1,378,982—Herbert E. Shreeve, Millburn, New Jersey, filed 
September 17, 1918, issued May 24, 1921. Assigned to 
Western Electric Company. 
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SIGNALING SYSTEM for connecting two telephone subscribers 
by а combined wire and radio link. А central station operator 
may connect any subscribers’ stations simultaneously to the 
radio transmitting station or the radio receiving station and thus 
establish telephone communication by wire and radio. 


1,379,144— Paul Ware, New York, N. Y., filed February 8, 1918, 
issued May 24, 1921. Assigned to Ware Radio, Inc. 


Сот-Ім SYSTEM OF RADIOTELEGRAPHY which enables the 
receiving operator to break in on the transmitting operator at 
any portion of the transmission. 


3602 


NuMBER 1,379,144—Cut-in System of Radiotelegraphy 


1,379,166—Theodore Willard Case, Scipio, New York, filed 
January 22, 1918, issued May 24, 1921. 


RADIANT ENERGY SIGNALING System for transmitting by 
light rays. 


1,379,167—Theodore Willard Case, Scipio, New York, filed 
February 20, 1918, issued May 24, 1921. 


WIRELESS (RADIO) RECEIVER involving a bulb 1 containing 
a pair of spaced electrodes 2 and 3 connected in a local circuit 
4, 5, апа 6. The bulb contains a gas of low dielectric constant 
and is arranged in an antenna-ground circuit with control 
member 7, whereby the received oscillations vary the conduc- 
tivity of the gaseous space and thereby effect variations in the 
frequency of pulsations of the local circuit. 


1,379,184—Louis Alan Hazeltine, Hoboken, New Jersey. filed 
November 1, 1917, issued May 24, 1921. Assigned to 
Ware Radio, Inc. 

SHIELDING Rapio APPARATUS to eliminate the disturbing 
effects on the tuning caused by movements of the human body, 
or of other conducting or insulating bodies in the immediate 
vicinity of the radio apparatus. 
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NuMBER 1,379,167—Wireless (Radio) Receiver 


1,379,262—Stanton C. Hooper and George H. Clark, Washing- 
ton, District of Columbia, filed September 16, 1919, issued 
May 24, 1921. 
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NuMBER 1,379,184—Shielding Radio Apparatus 


Rapiro RECEIVING ANTENNA comprising a plurality of an- 
tennas located at approximately equal distances apart on a line 
bearing in the direction of the distant transmitting station. 
Each antenna includes a tuning capacity and inductance for 
bringing the antenna to resonance with the incoming wave 
length. The several antennas are conductively connected at 
their extremities and the increments of energy received by each 
integrated in a radio receiving apparatus. 


1,379,541—James Erskine-Murray and James Robinson, Biggin 

Hill, England, filed October 29, 1910, issued May 24, 1921. 

ELECTROMAGNETIC WAVE NAVIGATIONAL ARRANGEMENT 

wherein bearings are determined by noting the interval between 

the reception of a distinctive signal periodically propagated from 

the transmitting station in a definite direction and the reception 
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FIG. R 


Ени з с. 
Wave Navigational Arrangement 
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of a pair of successive signals of equal intensity in a series of 
signals propagated from the transmitting station in pairs of 
quickly succeeding individual signals at small equal time 
intervals, the individual signals of each pair varying in relative 
intensity 1п а given direction with the position of a movable 
element which controls the emission of signals at the trans- 
mitting station. 


1,379,589—Henry H. Hyder, Hollywood, California, filed June 
5, 1918, issued May 24, 1921. 
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Rapio APPARATUS for mechanically locking an electrical 
circuit in open position in connection with the exploding of mines. 
The device may be operated from a distance by a radio operator 
knowing the necessary intervals of time for closing and opening 
the circuit controlling the mechanical lock and operating mechan- 
ism for closing the working circuit. 


1,379,706—Roy Alexander Weagant, Roselle, New Jersey, filed 
March 10, 1917, issued May 31, 1921. Assigned to Radio 
Corporation of America. 

Vacuum VALVE DETECTOR having an exterior control ele- 
ment. The improvement consists of a guard device d in the 
form of a ring and disposed adjacent to the point where the cath- 
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NUMBER 1,379,706—Vacuum Valve Detector 


ode and anode approach each other and is electrically connected 
to the cathode. It operates to discharge any charge that occurs 
or accumulates on the exterior wall of the tube in the vicinity 
of its location. 


1,380,206—Roy Alexander Weagant, Roselle Township, Union 
County, New Jersey, filed March 10, 1917, issued May 31, 
1921. Assigned to Radio Corporation of America. 
VACUUM VALVE DETECTOR of the external control type. 
The hot and cold elements are arranged in the tube so that they 
form points between which the electron flow will be continuous 
and uninterrupted in the presence of disturbing causes such as 
static and high potential transmitted impulses. 


1,380,663—John Lindgren, Lemont, Illinois, filed Мау 16, 1918, 
issued June 7, 1921. 

Rapiro CONTROL Device for synchronizing the movement of 
an armature located at a distance receiving station with the 
movement of a commutator circuit closer located at the trans- 
mitter. 


1,380,872—Roy E. Thompson, New York, N. Y., filed September 
24, 1917, issued June 7, 1921. 


RADIO COMMUNICATION TRANSMITTER with an exciting cir- 
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NUMBER 1,380,206—Vaeuum Valve Detector 
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NUMBER 1,380,663—Radio Control Device 
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NuMBER 1,380,872—Radio Communication 
Transmitter 


cuit of non-persistent oscillatory character, and a radiating cir- 
cuit of a persistently oscillating character. A multiple unit 
spark gap adjustable from a single control is employed in the set. 


1,381,089—Harold H. Beverage, Schenectady, New York, filed 
April 10, 1920, issued June 7, 1921. Assigned to General 
Electric Company. 


Rapio RECEIVING SysTEM in which a horizontal receiving 
antenna is employed. The distributed constants of the antenna 
are of such values that the waves produced therein will be 
propagated along its length at substantially the same velocity 
as that at which the desired signaling waves travel along its 
length in the ether. 


1,381,474—Jakob Kunz, Urbana, Illinois, filed August 24, 1918, 
issued June 14, 1921. Assigned to Board of Trustees of the 
University of Illinois. 

Pnunoro-ErLEcTRIC CELL, METHOD AND MEANS FOR MAKING 
THE SAME. The cell may be used as a wave detector and when 
so employed the cell is excited by the light source L, as shown 
in Figure 4, so that electrons pass from the film electrode to the 
screen electrode within the cell. The incoming waves entering 
. by way of the antenna 31 are rectified by the cell and give an 
indication at the indicator 25 then passing to ground at 32. 
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NUMBER L381.080--Radio Receiving System 
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NUMBER L381,474—-Photo-Electric Cell, Method and Me: 
the Same 
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ins for Making 


The source of current 26 may be omitted. The current operating 
on the indicator 25 may be amplified by a vacuum tube or other 
relay device. 


1,381,626— Leonard F. Fuller, San Francisco, California, filed 
January 19, 1918, issued June 14, 1921. Assigned to Federal 
Telegraph Companv. 


NUMBER 1,381,6026-- Process and Apparatus for Producing Radio 
Frequent Current 


PROCESS AND APPARATUS FOR PRODUCING Каро FREQUENT 
CURRENT in which the impulses are ‘caused to follow each 
other in phase bv a phase-multiplving transformer. Poly- 
phase current, preferably three phase, is fed into the phase- 
multiplying transformer and taps on the phase-multiplying 
transformer winding are connected to the respective impulse 
transformers, the taps for each impulse transformer being located 
at diametrically opposite points. "The secondaries of each 
impulse transformer are included in separate oscillating cireuits, 
each associated with the radiating circuit. 


1,381,692— Cesare Bardeloni, Rome, Italy, filed April 12, 1919, 
issued June 14, 1921. 
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NuMBER 1381,602- Device for Receiving Radio Telegraphic 
and Radio Telephonie Signals 


DEvicE кон RECEIVING Каро TELEGRAPHIC AND Rapio 
TELEPHONIC SIGNALS, comprising a cireuit. ineluding an oseil- 
lating vacuum tube with the addition of a rectifving device 
inserted across the filament and grid thru a potentiometer. The 
аепоп of the rectifving сопе, owing to its insertion with 
respect to the oscillating cireuit with whieh it is connected. in 
parallel and with respeet to the eleetrode 2 of the ionized gas 
receiver, may be assumed to be a double one: Ist that of actual 
amplification of the signals by the increase of positive charges 
Which flow to the electrode 2 during the oscillations set up in the 
oseillating етепн: 2nd that of unification of the ionized medium 
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about the electrode 2, so as to neutralize, by means of negative 
charges reaching to the electrode thru the contact, the excess of 
free positive charges due to the direct influence of the electrode 2, 
which latter thus follows only the charge variations which the 
aforesaid oscillating circuit impresses thereon. . 


1,365,170—Robert Fellons Gowen, New York, N. Y.. filed 
August 20, 1919, issued January 11, 1921. Assigned to 
De Forest Radio Telephone and Telegraph Company. 


NUMBER 1,365,170—Inductance Coil Mounting 


1,366,627—Ernst F. W. Alexanderson and Samuel P. Nixdorff, 
Schenectady, New York, filed December 8. 1915. issued 
January 25, 1921. Assigned to General Electric Company. 
HicH (Rapio) Frequency ALTERNATOR having an exciting 
field made up of a plurality of semicircular coils embracing the 
periphery of each half of the machine frame. 


1,367,734—Austen M. Curtis, Brooklyn, New York. filed August 

16, 1917, issued February 8, 1921. Assigned to Western 
Electric Company. 

CONSTRUCTION OF REACTANCE Coils in which the conductor 

is wound on a structure composed of two semicvlindrieal forms. 

The construction is such that the inductance has no external field. 


1,369,601—Ernst F. W. Alexanderson, Schenectady. New York, 
filed November 4, 1918, issued February 22. 1921. Assigned 
to General Electric Company. 


HicH (RADIO) FREQUENCY ALTERNATOR having an inductor 
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NUMBER 1,369,601 — High (Radio) Frequency Alternator 


formed with two circumferential rows of radial slots and non- 
magnetic filler disposed in the slots. 


1,369,781—-Theodore Willard Case, Херо. New York, filed 
February 20, 1918, issued March 1, 1921. 


SIGNALING SYSTEM for transmitting by light rays. 
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NUMBER 1,369,781—Signaling System 


1,370,333— William W. Macfarlane, Elkins Park, Pennsylvania, 
filed May 15, 1919, issued March 1, 1921. 


` NUMBER 1,370,333—System of Communication 


SYSTEM OF COMMUNICATION at audio frequency in which the 
two telephone stations are connected by a single conduetor and 
the other terminals of the respective sets grounded. 
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FURTHER DISCUSSION ON 


"ON THE POULSEN ARC IN COUPLED CIRCUITS"* 


By 
Р. О. PEDERSEN 


Р. О. Pedersen (by letter): Mr. L. F. Fuller is of the opinion 
that I have not used “tuned” fields in my experiments on the 
Poulsen arc in coupled circuits. Since I myself am responsible 
for the original discovery of “The existence, in every particular 
case, of a certain field intensity, H^, giving maximum efficiency and 
greatest. constancy”! and “The dependence of Н? on wave length, 
gas density, supply current, and radio frequency resistance, I 
really think I would have been altogether too negligent and dull 
had I not, in every single ease, brought the strength of the mag- 
netic field to its most suitable value. And, of course. the field 
actually was properly chosen in every case. 

Some other points in Mr. Fuller's discussion might also war- 
rant eomment, but as he agrees with my main conclusion, I do 
not think there is any necessity for carrying the discussion 
further. 


* PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, volume 9, page 
242 1921 
e و‎ a7 aw . 5 . 5 
1 PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, volume 5, page 
309, 1917. 
Italicized in the original. 
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NAVAL RADIO TUBE TRANSMITTERS* 


Bv 
Т. JOHNSON, JR. 


(FORMERLY Клио Ар, NAVY DEPARTMENT, WASHINGTON, D.C.) 


INTRODUCTION 


During recent years the development of the vacuum tube 
and the vacuum tube transmitter has received a great deal of 
consideration from radio engineers, but there is doubtless no 
field in this country in which this type of apparatus has received 
the application and standardization that it has in the Naval 
service. 

This is quite logical, for the Navy Department. largely 
represented in this respect by Commander S. C. Hooper, in 
charge of the Radio Division, Bureau of Engineering. has been 
a leading factor in urging the more universal use of continuous 
wave transmission. In attempting the use of continuous waves 
in the case of low power, short wave installations, 1t has been 
proven that the vacuum tube transmitter held forth the greatest 
promise of success. "The high cost of maintenance due to the 
prices of transmitting tubes has been a matter of some concern. 
but in spite of this the Navy Department has pursued the devel- 
opment of the vacuum tube transmitter, realizing that by fur- 
thering the use of this type of apparatus, the price of tubes would 
be materially reduced. In this alone the Department has 
rendered a very great service to the entire radio world. 

In pursuing the continued development of the vacuum tube 
transmitter the Department has been greatly influenced by the 
possible accomplishment demonstrated in the aireraft and sub- 
marine chaser equipment developed for use in the war. In the 
use of this apparatus, the value of the vacuum tube radio tele- 
phone for military purposes was demonstrated bevond the 
question of a doubt. 

A certain amount of weight has been attached to a large 
number of comparative tests conducted under various. experi- 

* Received by the Editor, December 18, 1920. Presented before Pur 


INSTITUTE OF RADIO ENGINEERS, New York, January 5, 1921. This paper 
was arranged for and in the main prepared prior to September 1, 1920 
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mental and service conditions. One of the most interesting 
tests of this kind was conducted in October, 1919, from the 
Radio Test Shop, Navy Yard, Washington, D. C., using standard 
Navy transmitters, spark, arc, and tube of approximately 2 kilo- 
watt input ratings. An antenna current of 8.0 amperes was 
maintained thruout the test in the Navy Yard antenna (illus- 
trated in Figure 31). All of the transmission was conducted on 
a wave length of 1,900 meters. The schedule covered periods 
thruout day and night for one week. Reception was conducted 
at Navy Yard, Norfolk, Virginia, at Navy Yard, Philadelphia, 
Pennsylvania, at Naval Radio Station, Otter Cliffs, Bar Harbor, 
Maine, and at the Bureau of Standards, Washington, D. C. 

The results obtained are tabulated in Figure 1. No claim 
is made for the results other than that they represent the average 
comparative audibility at different stations of three methods of 
transmission, each type of transmitter delivering the same cur- 
rent to the same antenna, with receiving conditions, during a 
given schedule remaining constant, except for the change in 
regenerative coupling during spark schedules. It is not claimed 
that the results obtained are conclusive in indicating the merits 
of the three types of transmission. They should be interpreted 
` merely as a record of comparative audibilities obtained during a 
particular series of schedules, and as tabulated are an average 
of approximately 750 independent audibility measurements, 
taken during day and night over a period of one week, the recep- 
tion being conducted by Naval personnel using standard appara- 
tus. The results are therefore of great value in indicating, not 
what may be accomplished under specially arranged experi- 
mental conditions, but that which may be accomplished by an 
operating service under average conditions. 

In order to permit a simple review of the results, the audi- 
bilities obtained at the receiving stations have been converted 
into factors representing comparative audibility of signals to the 
audibility of signals received by detection only, the actual 
audibility of the spark signals recorded under these conditions 
being assumed as unity. The factors representing the ratio of 
audibility of any othersignal to spark with detection only, have 
been carefully checked for each station and those which were 
obviously low or high have been eliminated. Approximately 15 
per cent of the total number of readings have been thus elimi- 
nated. The remaining factors were averaged for each station, 
and these averages are tabulated in Figure 1. The three fac- 
tors representing the average ratio of audibility of any signal 
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at the three receiving stations were again averaged, giving 
resultant figures tabulated in the column marked "Average." 

The basic requirements of the Naval service impose upon 
vacuum tube transmitting equipment a large number of rather 
severe conditions which must be carefully considered. In the 
majority of cases provision must be made so that any one of a 
number of wave lengths or power outputs may be adjusted to 
instantly. Selection of telephone, continuous wave telegraph, 
or interrupted continuous wave telegraph methods of communi- 
cation must. be possible without the slightest delay regardless 
of the wave length and power being used. The transmitter 
must often be operated in connection with some more or less 
complicated control system. Arrangements must be made so 
that in the event of failure of units under severe wear, spare 
parts may be substituted immediately. The space available 
for installation is usually very limited in one or more dimen- 
sions. 

The apparatus must be capable of the widest range of oper- 
ating possibilities and yet must be simple to operate, rugged in 
the extreme, absolutely reliable, апа must embody the degree of 
general standardization which permits of а simple and effective 
maintenance service. It is indeed a somewhat difficult com- 
bination of conflicting demands which the tube transmitter 
meets in its adaptation to the Naval service. 

The problem of maintenance has forced an early standardi- 
zation of tubes and tube equipment. Spare tubes and other 
spare parts must be made available at a large number of very 
widely located Naval establishments, and a multiplicity of 
spares is a source of great expense and more occasional error 
in distribution. "This fact has placed several necessary restric- 
tions on development and has forced the Department to stand- 
ardize upon tubes of certain ratings and upon strictly inter- 
changeable types of tube under each rating. Results of not 
following this policy in the case of the 5-watt tube have demon- 
strated very emphatically the necessity of adhering to it in the 
future. Whenever a tube of a certain rating is developed which 
is of sufficient superiority to the standard tube or tubes, altho 
not interchangeable with them, it must completely supersede 
them. 

In a great deal of standardization, it has been necessary to 
awalt demonstration that there could be furnished in quantity 
uniform products in the form of tubes, power equipment and other 
accessories new to the electrical art and heretofore laboratory 
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devices only. This procedure is of extreme importance in a 
military organization where, in order to be useful in emergencies, 
apparatus must be readily adapted to production in large quan- 
tities within & very short time. 

In brief, the development of vacuum tube transmitters for 
the Naval service has been based on a policy involving very 
serious considerations and therefore the standard apparatus 
resulting may well be viewed as worthy of unusual attention. 


STANDARD EQUIPMENT 


In view of the rapid progress in the art and the time required 
to develop and produce in quantity apparatus of this kind, it 
is not possible that any standard apparatus herein described 
embodies the results of the most recent developments. Further, 
it may be noted that some of the apparatus, such as power 
equipment, reveals a marked difference in fundamental design, 
from one set to another. This is quite natural as these equip- 
ments were not developed simultaneously; and, for the most 
part, these differences mark the successive stages of development 
in this type of apparatus. 

The significance of the ratings of these equipments should 
also be made very clear. It has been Naval practice to rate 
tube transmitters in power output, the rating to be the sum 
of the power output ratings of the oscillator tubes. In every 
case, due to various losses, the actual power output of the set 
is somewhat lower than the rated output. 

As regards transmitting range, the available material in the 
form of results of carefully conducted tests is so very meager 
that for the most part reference to range is omitted here. Wher- 
ever а range rating is stated, it 1s only presented as the best 
information obtainable on the subject at the present time and is 
quahfied by the assumption of daylight transmission in a tem- 
perate latitude under average weather conditions to a station 
of similar nature equipped with a standard vacuum tube receiver 
with two stages of audio frequency amplification, an audibilit 
of 200 being required. 

It will be noted that in all the transmitters now standard, 
there 1s used one of two fundamental circuits: (1) that in which 
plate and grid circuits are inductively coupled to the antenna 
circuit, or (2) the Colpitt’s circuit, in which the grid receives 
its excitation from a condenser in the antenna circuit. In either 
of these cases, the emitted wave length is determined by the 
constants of the antenna circuit and many disadvantages arise 
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because of this fact. However, there are several fundamental 
reasons which have been considered justification for the use of 
either of these circuits rather than some system in which the 
emitted wave length is independent of the antenna circuit con- 
stants. The sets designed have each required operation on quite 
a number of wave lengths, they have all been of comparatively 
low output, and it has been required that their controls be of the 
simplest nature. Because of the uniformity of Naval vessels 
of any class, it has been possible to establish a relatively small 
range of antenna characteristies thruout which it 18 required in 
each case to operate. 

In so doing it has been necessary to make a careful investi- 
gation, preliminary to the transmitter design, of the antenna 
characteristics in the case of all stations and vessels to be equipped 
with tube transmitters. A large number of measurements have 
been made with a piece of apparatus essentially the same as that. 
used in the aircraft work described by the author in a previous 
paper,! but now more standardized in design and manufactured 
in quantity. It is a radio test set, designed and manufactured 
by the General Electric Company, the schematie circuit diagram 
of which is illustrated in Figure 2. It consists of three essential 
parts, an oscillator, an antenna unit, and а dynamotor, power 
being supplied from a 12-volt storage battery. 

The oscillator, illustrated in Figure 3, is 13 inches (33 cm.) 
wide by 13 inches (33 cm.) high, by 14 inches (35.6 em.) deep, 
and weighs 24 pounds (10.8 kilograms). These dimensions 
include a cover for the panel face, the cover being 2 inches 
(5.1 em.) deep and mounted on slip hinges. "The oscillator has 
a wave length range of 150 to 4,500 meters and employs a single 
90-watt tube, Type CG 1144, the filament of which is supplied 
with energy from the 12-volt battery which supplies the dynamo- 
tor. On the face of the bakelite panel are mounted filament 
ammeter and rheostat control, dynamotor starting switch, grid 
and plate coil switch, switch for placing an external condenser 
in the oscillating circuit, variable condenser control and dial, 
jack for plate coupling coil, and necessary binding posts. On 
the reverse side of the panel are mounted the tube, variable 
condenser, coil system, and necessary accessories. А spare tube 
is mounted within the case. 

The antenna unit, illustrated in Figure 4, is 18 inches (33 cm.) 
wide by 13 inches (33 cm.) high, by 14 inches (35.6 cm.) deep, 


1See T. Johnson, Jr., “Naval Aircraft Radio," PROCEEDINGS or THE 
INSTITUTE OF Ravio ENGINEERS, 1920, volume 8, number 1, page 16. 
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FIGURE 2 


and weighs 22 pounds (9.9 kilograms). This unit provides а 
series of loading coils for increasing the wave length of the 
antenna circuit, a resistance in three sections variable from 0.1 
ohm to 111.0 ohms, and a spring-mounted 0-125 milliampere 
hot wire meter. A fixed bakelite panel provides mounting for 
the above mentioned devices. Controls on the face of this 
panel consist of a switch for insertion of loading inductance in 
18 steps and for open circuiting coils when not in use, and three 
knobs for the insertion of the various resistance values. For 
effecting variable coupling between the plate coil and antenna cir- 
cuit, coils adjustable in position are provided on the antenna unit. 

The dynamotor, is 8 inches (20.3 ст.) long by 6 inches 
(15.2 em.) wide by 6.5 inches (16.5 em.) high, and weighs 11 
pounds (5 kilograms). In normal operation it draws 16.5 am- 
peres from the 12-volt storage battery and supplies 80 to 140 
milliamperes at 350 volts to the plate circuit of the tube. In 
addition to its value for measuring antenna constants, the above 
described equipment is adapted to measurement of various units 
and circuits. 

The method of measuring antenna constants is the same 
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as that used in the aircraft work. In the results of the measure- 
ments the term fundamental capacitance is now applied to that 
capacitance which, used in conjunction with the antenna 
inductance, will resonate at the natural wave length of the an- 
tenna. The equivalent capacitance at any loaded wave length 
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is still defined аз that capacitance which, if used with an induc- 
tance equal to the loading inductance, will resonate at the same 
wave length as if loading inductance were applied to the antenna. 


FIGURE 4A 


FIGURE 4B 
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TUBES 

The tubes used in the present Naval transmitters are those 
used in the aircraft work and have been quite fully described 
in а previous paper. However, for convenience of reference 
а brief tabulation is given in Figure 5. The two 5-watt tubes, 
now standard, are illustrated in Figure 6, the 50-watt tube in 
Figure 7, and the 250-watt tube in Figure 8. The latter shows 
the standard method of crating the 250-watt tube for shipment. 

As previously stated, the standardization of tubes has been 
based to a large extent upon the availability in quantity of a 
satisfactorily uniform and rugged product. The design of most 


Navy Type Number CW 931 CG 1162 CG 1144 CG 916 
Signal Corps Designation VT-14 VT-18 


Western - я 
Manufacturer Electric Со. General Electric Company 


Manufacturer's Designation 


Watts Output 


Filament Volts 
Filament Amperes 
Plate Volts 
Plate Amperes . 0.040 


8 
= 
Е 
> 
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А Filament Supply 
Life* Rated Voltage A. C. 110 hours 


Life Plate Voltage 350 
ent Plate Watts 17.5 


Length over-all 4.25 inches ; 4.31 inches | 7.5 inches 14.25 inches 
10.8 cm. 10.92 cm. 19.0 cm. 39.15 cm. 


Diameter, Maximum 2.28 inches | 1.75 inches | 2.0 inches | 5.0 inches 
5.78 em. 4.44 ст. 5.08 cm. 12.7 cm. 


Weight 1.87 ounces | 1.86 ounces | 5.88 ounces |23.36 ounces 
53 grams 52.6 grams | 166.5 grams! 660 grams 


* With filament supply at rated current, the life in each case is approximately one-third 
that tabulated above. 


FIGURE 5 


2See T. Johnson, Jr., "Naval Aircraft Radio," PROCEEDINGS oF THE 
INSTITUTE OF RADIO ENGINEERS, 1920, volume 8, number 1, page 42. 
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of the tubes now standard has been based on aircraft require- 
ments where a low power input to the filament and a high oper- 
ating efficiency outweigh the consideration of tube life and many 
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other factors which are of great importance in other than aircraft 
work. This fact, and the promising development now being 
carried on in tubes of various filament compositions, indicates 
that the tubes now standard may soon be superseded. It has 
been considered essential to adhere to tubes of specific power 
ratings, and to completely interchangeable tubes, electrically 
and mechanically, in each rating. Thus a new non-interchange- 
able tube must possess sufficient superiority over the present 
standard to justify the entire change in transmitting equipment 
which the changing of the standard tube characteristics may 
necessitate. 

The most interesting points recently brought out in trans- 
mitting tube practice in the Naval service are (a) the lighting 
of filaments from an alternating current supply, and (b) the 
supplying of energy to the filaments at a constant voltage. 
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Both of these operating practices improve the filament life very 
appreciably. For instance, operated in a standard transmitter 
under normal conditions, a 5-watt tube, Type CG 1162, has 
an average life of 30 hours when the filament is operated from 
a direct current source at constant rated current. The average 
antenna current obtainable from the apparatus just prior to 
tube burnout under these conditions shows a drop of 7.5 percent 
from the initial antenna current, no adjustments whatsoever 
being made on the apparatus during the test. Operating under 
identical conditions, but from an alternating current source at 
constant rated filament voltage, the tube has an average life 
of 110 hours, the antenna current dropping but 4.5 percent from 
start to end of test, no adjustment being made thruout. 

An additional advantage of constant filament voltage oper- 
ation is that tubes of widely different filament currents may be 
operated satisfactorily in parallel, provided other conditions 
are properly fulfilled. Thus there is removed at least one funda- 
mental difficulty in operating in parallel tubes of different 
filament composition. 


TRANSMITTING EQUIPMENTS 

Altho no longer considered strictly standard in apparatus 
of its class, reference should be made at this point to the 
submarine chaser radio telephone equipment, the combined 
transmitter and receiver developed and manufactured by the 
Western Electric Company, and which rendered such valuable 
service during the war. This set was developed and produced 
in quantity 1п a remarkably short time under the stress of 
war conditions and marks an extremely important stage in the 
application of vacuum tube transmitters to the naval service; 
indeed, as regards such application in quantity, it holds 
acknowledged place as pioneer. ` 

This equipment is intended for short range communication 
between submarine chasers and other small vessels, and is 
arranged for telephone communication only. It is designed for 
operation on any one of five wave lengths from 200 to 600 meters, 
using an antenna of the following characteristics, and having 
an antenna input of approximately 5 watts: 

Fundamental Wave Length—190 meters. 

Fundamental Capacitance—600 micromicrofarads. 

The transmitter uses one 5-watt tube as an oscillator and one 
5-watt tube as a modulator, and has a dependable telephone 
working range of 10 nautical miles (18.5 kilometers). 

The schematic circuit of the entire transmitting and receiv- 
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ing equipment is illustrated in Figure 9. The grid circuit of the 
oscillator tube receives its excitation from an antenna circuit 
condenser, thus necessitating, at each change of wave length, 
the adjustment of the capacitance of this condenser so as to give 
the proper wave length in conjunction with other antenna 
circuit adjustments and still insure the correct grid excitation. 
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The main equipment consists essentially of a transmitter- 
recelver cabinet, a receiving amplifier, a switchboard and a 
dynamotor unit. The transmitter-receiver cabinet, illustrated 
in Figure 10, is 24.75 inches (65.4 em.) wide by 18.5 inches 
(47 cm.) high by 6.63 inches (16.8 cm.) deep, and weighs 56 
pounds (25.2 kilograms.) On the front of the cabinet are mounted 
antenna, plate and filament ammeters, and manual controls for 
send-receive switch, filament rheostat, receiver condensers, 
receiver inductance, and amplifier switch. A protected auxiliary 
panel, at the left, contains the adjustable controls for the antenna 
inductance and the input capacitance. After these adjust- 
ments are properly made, a cover is screwed over the auxiliary 
panel to protect the adjustments and to prevent accidental 
contact with the radio frequency high voltage circuit. 

The receiving amplifier, shown in Figure 11, is a cabinet 
19.5 inches (49.5 em.) wide by 11 inches (28 cm.) high, by 6.13 
inches (15.6 em.) deep, and weighs 28.5 pounds (12.5 kilograms). 
It contains a two-stage amplifier with receiving tubes and a 
one-stage amplifier with a 5-watt transmitting tube. These 
amplifiers are used to amplify the voice current sufficiently to 
operate a loud speaking telephone. 

The switchboard shown in Figure 12 is 11.5 inches (29.2 cm.) 
wide by 12.75 inches (32.4 cm.) high by 3.13 inches (7.95 cm.) 
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deep, and weighs 20.5 pounds (11.1 kilograms). Upon it are 
mounted a filter to minimize high voltage commutator ripple, 
voltmeter, voltmeter switch, dynamotor transfer switch, power 
supply protective condensers and fuses. The dynamotors, also 


FIGURE 11А 
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illustrated in Figure 12, are each 5 inches (12.7 cm.) in diameter 
and 7 inches (17.8 cm.) long. The dynamotors are spring- 
suspended in a frame 11 inches (25 ст.) by 15 inches (38 cm.), 
and the entire unit weighs 33 pounds (14.8 kilograms). Only 
one dynamotor is used at a time, the other being held in reserve. 
Power for the filament circuits and for operating the dynamotors 
is supplied from а 32 volt storage battery. Each dynamotor 
has an input current of 27.5 amperes at 32 volts and will furnish 
0.83 ampere direct current at 350 volts. This dynamotor was. 
designed and manufactured by the Westinghouse Electric and 
Manufacturing Company. 


FIGURE 12 


The equipment is arranged for remote control by one set of 
extension apparatus illustrated in Figure 13, which employs 
primarily а loud speaking telephone. А radio telephone head- 
set may be plugged in when preferred. The entire equipment 
is normally in receiving position. In order to transmit, a button 
is pressed at either the local station or extension apparatus. 
This apparatus operates a send-receive relay in the transmitter- 
receiver cabinet. 

One of the next higher power vacuum tube transmitters in 
standard service is a 150 watt (output) type designed and manu- 
factured by the General Electric Company. This equipment 
is intended primarily for radio telephone communication from 
battleships, but is also arranged for continuous wave telegraph 
and buzzer modulated telegraph communication. It is designed 
for operation on an antenna of the following characteristics: 


397 


Fundamental wave length—335 to 477 meters. 
Fundamental capacitance—900 to 1,700 micromicrofarads. 
Effective resistance—6 ohms. 


Six fifty-watt transmitting tubes are employed, three as 
oscillators, two as modulators, and one as a modulation amplifier. 


FIGURE 13 

The transmitter, illustrated in Figure 14, consists of a cabinet 
20 inches (50.8 cm.) wide by 19.25 inches (49 em.) high by 16.75 
inches (42.5 ст.) deep, and weighs 90 pounds (40.5 kilograms). 
It is eonstructed on an angle frame to which the bakelite panel 
and wooden base are permanently fastened. "The sides are 
made of ash and the top of asbestos board. "The top and sides 
are held in place by brass angle pieces, fastened with thumb 
screws, making them easily detachable. The construction is 
such that, after the top is removed. the sides and back may be 
lifted out without further removal of mechanical connections. 
External connections are made on a bakelite terminal board 
forming the lower left side of the cabinet. 

On the panel front there are located an antenna ammeter, 
buzzer, antenna and ground binding posts, a wave indicator 
lamp and button. and the various controls. "These are limited 
to the following very essential controls only. For shifting wave 
length the large wave change switch handle is used. After 
using this, the wave indicator button is depressed and. more 
accurate adjustment of wave length made by the antenna 


variometer control, resonance being indicated by the wave 
indicator lamp. The wave change switch automatically makes 
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the proper wave indicator connections at each position. The 
method of communication is chosen by the switch handle in 
the lower left corner of the panel. This switch also serves to 
shut down the transmitter when in either of its extreme posi- 
tions. To the right of this switch is the power change switch 
by adjustment of which transmission may be conducted on full 
power or approximately 25 percent or 50 percent full power. 
The use of full power is restricted unless a lock located on the 
panel is released by a special key; while the lock is thus released 
the key cannot be withdrawn; thus full power cannot be used 
without the approval of a responsible person. Unnecessarily 
frequent adjustment of grid coupling is discouraged bw an 
insulating plate screwed over the grid coupling control. 

The interior of the transmitter illustrates rather interesting 
construetion in apparatus of this tvpe. "The generating coil 
system, antenna variometer, and loading inductanee are mounted 
on the panel together with the control switches and an electro- 
magnetically operated send-receive switch. All switches are 
of highly improved mechanical construction and are extremely 
rugged. The six fiftv-watt tubes are mounted on а bakelite 
board, spring-suspeuded from the eabinet framework to absorb 
vibration. The tubes are mounted high in the transmitter to 
permit the most satisfactory dissipation of heat and to render 
them visible to the operator. The tubes are covered by an ex- 
panded metal hood extending above the top of the cabinet. 
This hood is hinged at the upper back edge to permit replacing 
of tubes. 

Below the tubes on two mounting boards are located the 
plate reactance, grid leaks, condensers, choke coil, transformer, 
and other small units. The large antenna series condenser is 
mounted on the bottom of the cabinet behind the panel. For 
use in connection with the wave indicator there is mounted on 
the frame within the transmitter a small evlindrical case con- 
taining a variometer type of inductance providing individual 
adjustment to each wave length. 

In the matter of internal wiring, the most careful design has 
been used. All low voltage control and auxiliary circuits are 
wired with flameproof wire. The antenna circuit is wired with 
0.188 inch (0.477 ст.) diameter copper tubing, the grid and plate 
circuits with 0.188 inch (0.477 em.) brass rod. In a few con- 
nections 0.080 inch (0.203 em.) diameter brass rod is used. All 
wiring 1s rigidly supported except in the cases of connections 
to the tube mounting board and coil tap boards where bead- 
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insulated flexible copper braid is used. АП bare internal wiring 
is colored in accordance with the following scheme, thus facili- 
tating the tracing of circuits. 

Plate Cireuit— Кеа. 

Grid Circuit —Green. 

Filament Circuit —Brown. 

Antenna Circuit— Blue. 

Local Ground Leads— Black. 

Auxiliary Circuits— White 

Connections on Sub-panel— Yellow. 

Another novel feature of this transmitter is the careful 
labelling of all units as illustrated in Figure 15, thus enabling a 
person unfamiliar with the apparatus to recognize quickly the 
various elements. 

The schematic circuit used in the transmitter is illustrated 
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in Figure 16. The only novel features of the circuit are the use 
of individual grid leaks for the oscillator tubes in order to prevent 
local radio frequency oscillation between the tubes, and the 
automatic readjustment of grid biasing of modulator and speech 
amplifier tubes at the time power output is changed by reduction 
of plate voltage This reduction of plate voltage is effected bv 
insertion of resistance in the field of the plate generator. 


FIGURE 16 


The power panel provided with this transmitter and illus- 
trated in Figure 17 is doubtless the first piece of equipment of 
the kind furnished in this country with a standard tube trans- 
mitter. It consists of a panel 24 inches (61 cm.) wide by 37 
inches (94 em.) high, and weighs 220 pounds (99.3 kilograms). 
[t is made of asbestos lumber and mounted on angle iron sup- 
ports which extend bevond the panel at both bottom and top 
for installation mounting. On the angle frame extending back 
of the panel an iron grill is fastened by means of wing nuts, giv- 
ing the panel an over-all depth of 13.5 inches (34.3 em.) 

On the panel are mounted plate voltmeter, plate ammeter, 
and filament voltmeter, illuminated by a pilot lamp which acts 
as an indicator of the fact that line voltage is available. Field 
rheostats for the filament and plate generators are also mounted 
on the panel. A double-pole single-throw line switch is located 
below the rheostat handles. A 9-pole double throw knife 
switeh is provided for selecting either of the duplicate motor 
generators furnished with this transmitter. An 11-pole double 
throw knife switeh permits the use of either of two complete 
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duplicate starting and control equipments. The motor-gen- 
erator starting push button switch is located between these large 
knife switches, above which are mounted the generator field 
relays. | 

A spring door in the metal grill affords easy access to a fuse 
board mounted back of the panel at the extreme right. Terminal 
connections are made to a terminal board mounted as a sub- 
panel back of the lower part of the main panel. All wiring on 
the power panel is lead covered, of single-conductor cable with 
sheathing grounded. 

The motor-generator supplied with this transmitter, illus- 
trated in Figure 18, is 5 feet 10.63 inches (1.79 meter) long, 
15 inches (38 ст). wide, and 16 inches (40.6 ст.) high, and weighs 
600 pounds (270 kilograms). It consists of a 3 horse-power 


FIGURE 18 


(2.24 kilowatt) output, 125 volt direct current motor (center), 
driving two direct current generators, one furnishing 0.75 kilo- 
watt at 24 volts for tube filaments and control circuits, and the 
other furnishing 1.0 kilowatt at 1,000 volts for the plate circuits 
of the tubes. The commutator of the high voltage generator 
is protected by a coarse mesh screen to prevent accidental 
contact with the commutator brush rigging or other high tension 
parts. 

To protect the plate generator from high voltage surges 
there is supplied the protective unit, illustrated in Figure 19, 
which is 16 inches (40.7 cm.) long by 9 inches (22.8 cm.) high 
by 4.13 inches (10.5 cm.) wide, and weighs 21 pounds (9.46 
kilograms). It is merely a standard four-cell lightning arrester, 
the design of which is based on the characteristics of a cell con- 
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sisting of two aluminum plates, on which there has been formed 
a film of aluminum hydroxide, the plates being immersed in a 
suitable electrolyte. 


FIGURE 19А 


FIGURE 19B 


The receiver used with this cquipment, illustrated in Figure 
20, is contained in a cabinet 14.5 inches (36.9 cm.) wide by 14.5 
inches (36.9 cm.) high by 8.75 inches (22.2 cm.) deep, and 
weighs 22.5 pounds (10.1 kilograms). It consists merely of an 
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inductively coupled vacuum tube receiver with regenerative 
coupling and two stages of audio frequency amplification. As 
it is designed to cover only the short wave length range of the 
transmitter it has been possible to render it quite efficient. 


FIGURE 20А 


FIGURE 20B 
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This equipment includes a very important feature in а new 
standard interphone system which ‘iš the result of a very con- 
siderable amount of experimental work and represents the only 
design in this country of a private exchange, as it were, applied 
to a “radio trunk” for shipboard use. The schematic diagram 
of the system is illustrated in Figure 21. It involves the use of 
an interphone unit, shown in Figure 22, mounted in the table, 
and extension units, as illustrated in Figure 23, designed for 
bulkhead mounting. | 
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FIGURE 21 


The interphone unit consists of a cabinet 11.63 inches (29.6 
em.) wide by 8.25 inches (20.9 em.) high by 10.63 inches (27.0 cm.) 
deep, and weighs 20 pounds (9 kilograms). It is designed for 
mounting so that the panel top, mounting the controls, shall be 
flush with the surface of the operating table. All external con- 
nections, except those to the operator’s telephone transmitter 
and telephone receivers, are made to & terminal board which 
forms the back of the cabinet. In the front of the cabinet there 
are mounted two sets of telephone jacks so that two sets of 
velephone transmitters and telephone receivers may be connected 
to the unit simultaneously. All of the mechanism and wiring 
of the unit with the exception of these two sets of jacks is mounted 
on the panel top in order to permit the removal of the panel top 
from the cabinet for inspection. _ 
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FIGURE 22А 
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FIGURE 22B 


Each extension unit, illustrated in Figure 23 and weighing 
complete 13 pounds (5.85 kilograms), consists essentially of a 
standard telephone desk stand mounted on a flexible arm, a 
buzzer box, and a high impedance telephone head set. On the 
column of the desk stand opposite the receiver hook, there is 
provided a push button. When this extension unit is connected 
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for remote control of the radio equipment, the depressing of 
this button places the send-receive relay in the transmitter in 
transmitting position. When the button is released, the send- 
receive relay returns to receiving position. 


FIGURE 23 


The buzzer box is of metal and contains a transformer, a 
buzzer, a jack, and a terminal board. The transformer is 
utilized to permit the substitution of the head telephones for 
the hand receiver. When it is necessary to use the head tele- 
phones, the hand telephone is removed from the circuit auto- 
matically by plugging the head telephones into the jack in the 
buzzer box. 

The interphone system is arranged for the following method 
of operation. Upon the removal of the telephone receiver from 
the desk stand hook at an extension unit the light on the inter- 
phone unit corresponding to that station, hghts. If the buzzer 
switch in is “on” position, the buzzer also sounds. Upon the 
operator throwing the corresponding station key into the ''Inter- 
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phone" position, this lamp is extinguished, and the operator is 
placed in connection with the extension unit. Upon throwing 
the station key of & connected extension unit into "Radio" 
position the extension unit is connected to the radio equipment 
and is placed in remote control of the send-receive relay in the 
transmitter. With the station key in the “Radio” position 
and the extension unit in use, upon the replacing of the telephone 
receiver upon the extension unit hook, the signal lamp again 
lights if the operator’s key is in other than “Radio” position. 
The throwing of the station key to the normal position then 
extinguishes the lamp. 

The key on the extreme right of the interphone unit is known 
as the operator's key and has no signal lamp associated with it. 
When this key is thrown to ''Radio" position, it connects the 
operator to the radio equipment. When this key is thrown to 
the "Monitor" position, it permits the operator to listen in on 
the transmission and reception being conducted from one of the 
extension units by remote control, but does not place the oper- 
ator’s microphone transmitter in circuit. When the operator's 
key is in normal position it places the operator in position to be 
connected to any extension unit in the manner described above. 

In order for the operator to ring any extension unit, it is 
necessary to move the station key corresponding to that exten- 
sion unit to "Interphone" position and to push the ringing but- 
ton at the left side of the interphone unit. The transmitting 
button at the right side of the interphone unit actuates the 
send-receive relay within the transmitter, апа places it in trans- 
mitting position when the button is depressed if the operator's 
key is in "Radio" position. The release of the button restores 
the send-receive relay to receiving position. When depressed, 
a slight turn locks the button in transmitting position. 

Another higher power standard tube transmitter and one 
of the most recent design is a 300-watt (output) equipment 
designed by the General Electric Company in conjunction with 
the Bureau of Engineering, Navy Department, and manufac- 
tured by the General Electrie Company. This equipment is 
arranged for continuous wave telegraph, buzzer modulated, and 
telephone methods of communication. It 1s designed for opera- 
tion on either one of the two antennas, characteristics of which 
are tabulated in Figure 24. 

The transmitter uses twelve fifty-watt transmitting tubes, 
six oscillators, five as modulators and one as a modulation ampli- 
fier. This is doubtless somewhat beyond the economical limit 
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for the use of fifty-watt tubes in parallel, but the difficulty of 
storing spare tubes of larger sizes aboard certain small craft and 
other minor considerations led to the use of the fifty-watt tube 
in this set. 


Fundamental Fundamental Effective 
Antenna Wave Capacitance Resistance 
Length (Maximum) 


A 204-230 meters 450- 500 micromicrofds. 4 ohms 
B 250-2650 meters | 800-1850 micromicrofds. 4 ohms 


FIGURE 24 


The transmitter and power panel, illustrated in Figure 25, 
comprise a combined unit, mounted on pipe or angle supports. 
The transmitter, the upper unit shown, is 26.75 inches (68 cm.) 
wide by 21.26 inches (54 cm.) high (over-all) by 17.25 inches 
(43.7 cm.) deep, and weighs approximately 150 pounds (67.6 
kilograms). It is constructed on an angle frame to which the 
sheet brass panel and base are permanently fastened. The 
sides, back, and top, of expanded metal grillwork, are removable 
by means of thumbscrews on the frame. External connections 
are made on a bakelite terminal board forming the lower left 
side of the transmitter. - 

On the panel front there are located an antenna ammeter, 
buzzer, wave indicator lamp and switch, and antenna post. 
There are also located on the panel the following essential con- 
trols. The large wave change switch hahdle is used for the pur- 
pose of shifting wave length. After using this, the wave indi- 
cator switch is moved to the wave length position in question, 
and a more accurate adjustment of emitted wave length is made 
by the antenna variometer control, resonance being indicated 
by the wave indicator lamp. The wave indicator switch is then 
thrown to an “off” position at either extremity of throw. This 
arrangement of wave indicator has been found to be more satis- 
factory on the whole than that previously described. "The method 
of communication is chosen by the switch handle in the lower 
left corner of the panel. This switch also serves to shut down the 
transmitter when in either of its extreme positions. Above this 
witch is the power change switch, by which transmission may 
be conducted on full power or approximately 25 percent or 50 


411 


percent full power. A full-power lock similar to that previously 
described is located between the signal and power switches. On 
the front of the panel is also mounted the grid relay used in con- 


FIGURE 25 
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nection with the break-in system described later. The relay 
is so connected that in event of failure it may be replaced in- 
stantly by a spare relay supplied with the equipment. 

The interior of the transmitter is fundamentally similar to 
that of the 150-watt equipment, but the arrangement of ap- 
paratus is somewhat different and several improvements have 
been incorporated. The twelve fifty-watt tubes are mounted on 
a spring-suspended board high in the transmitter, and are cov- 
ered by an expanded metal hood extending above the trans- 
mitter and hinged at the back. 

The schematic circuit used in thetransmitter is illustrated in 
Figure 26, and differs from that used in the previously-described 
equipment in that the grid circuit receives its excitation from 
a portion of the antenna circuit inductance thru a capacitive 
coupling. This method of grid excitation has proven mark- 
edly superior to that used in any other Navy tube transmitters 
designed thus far. Two features are worthy of note. То prevent 
local radio frequency oscillations between the tubes, it has been 
found more satisfactory to use a small choke coil in the grid 
connection to each tube rather than to use individual grid leaks. 

The power panel, the lower unit in Figure 25, is mounted 
directly beneath the transmitter and is 26.75 inches (68 cm.) 
wide by 18.5 inches (47 cm.) high by 17.25 inches (43.8 cm.) 
deep. It weighs approximately 150 pounds (67.5 kilograms). 
It is structurally similar to the transmitter, constructed on an 
angle frame with a sheet brass panel on which are mounted line, 
filament and plate voltmeters, plate ammeter, remote control 
buttons for the main line switch and motor starter, and control 
handles for filament and plate generator field rheostats. Оп 
the front of the panel are also mounted a filament protective 
relay re-set button and a starting equipment transfer switch. 
The front of the power panel is illuminated by two lamps con- 
nected on the power supply line and therefore acting also as 
pilot lamps. | 

The protective filament relay disconnects the power supply 
from the tube filaments when the terminal voltage exceeds 
10.5 volts. By field rheostat adjustment, the filament voltage 
may be reduced to its normal value of 10.0 volts and the рго- 
tective relay reset by the button provided. 

Within the power panel structure are located a main line 
contactor, two automatic starters in duplicate, each provided 
with a no-load release, and filament and plate generator field 
rheostats, filament voltage protective relay, high voltage filter 
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system, resistance for break-in system, and other minor units. 

Input terminals of the power panel are mounted on the bot- 
tom and output terminals on the upper left side near the trans- 
mitter terminal board. The necessary fuses are mounted 
on the left side of the power panel beneath a protective hinged 
cover. 

Thruout the entire equipment no contact is broken outside 
of a gauze enclosed space and a novel feature of the starting 
equipment transfer switch, of the open knife blade variety on 
the front of the power panel, is that, before the contacts break 
on either side, the switch bar releases a button in the panel 
behind it which opens the main line contactor. The switch 
thus ceases to carry current before the switch blades leave the 
jaws. 
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The motor-generator supplied is the two-unit equipment 
illustrated in Figure 27. It is 4 feet, 10.31 inches (1.48 meter) 
long by 19 inches (48.2 ст.) wide by 17 inches (45.2 cm.) high, 
and weighs approximately 575 pounds (238 kilograms). It con- 
sists of а 3.75 horse-power (2.8 kilowatt output) direct current 
motor driving а direct current generator furnishing 1.5 kilowatt 
at 1,000 volts. The motor is provided with a mechanical speed 
regulator which maintains its speed constant thruout a supply 
line voltage variation of 105 to 150 volts, the normal operating 
line voltage being 120. 
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From slip rings on the direct current motor, there is 
available for filament lighting approximately 850 watts at 85 
volts, 35 cycles alternating current. By use of the filament 
transformer and rheostat, this power is made available at 10.0 
volts at the filament terminals. 


FIGURE 27 


A novel feature of this transmitting equipment is the break- 
in system used in connection with it so that radio reception 
may be conducted on the transmitting antenna between the 
dots and dashes of the transmitted signal. The schematic cir- 
cuit of this system is shown in Figure 28. When the back 
contact of the key is closed, the power supply to the antenna- 
break relay coil is short circuited thru the relay resistance, this 
relay is de-energized and opens the short circuit across the 
primary of the receiver. 

When the back contact of the key is opened, the short circuit 
on the power supply to the antenna-break relay coil is removed, 
and this relay short-circuits the receiver primary. 

When the front contact of the key is closed, the grid relay 
is energized. At first the upper or interlock contacts are opened, 
thereby insuring the placing of the antenna-break relay in trans- 
mitting position. Then the lower contacts are closed, short- 
circuiting the keying condenser of the radio transmitter and 
sending out the desired signal. 

Assuming that all relays associated with the system operate 
at the same speed, it is evident that the time interval elapsing 
between the opening of the back key contact and the closing 
of the front key contact insures the opening and closing of the 
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contacts of the antenna-break relay when no transmitting cur- 
rent is flowing thru them, thereby resulting in much longer life 
of these contacts. The interlock contacts on the grid relay 
act as an additional safeguard to this operation and in event 
of the grid relay accidentally remaining in transmitting position, 
prevents the return of the other relay to receiving position. 
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FIGURE 28 


The relay resistance prevents the absolute short-circuit of 
the power supply and acts to reduce the supply voltage to the 
proper value for the operation of the relays when the front key 
contact is closed. 

The two relays used are illustrated in Figure 29. "They are 
the result of a most careful design and exhaustive test work, 
and operate with a high degree of satisfaction. 

One of the highest power naval tube transmitting equipments 
is one of 750 watts output for telephone and 1,500 watts for 
continuous wave telegraph, designed primarily for shore station 
work. This set was originally developed for use at Naval air 
stations, and has been briefly described in a previous paper? by 
the author. The apparatus has now been improved materially 
in design and its use extended to all classes of Naval shore 
stations. 

Operation is arranged for on any one of six wave lengths 
from 500 meters to 2,700 meters. For the most efficient opera- 
tion thruout this wave length range, it has been decided to 


3See T. Johnson, Jr., "Naval Aircraft Radio," PROCEEDINGS OF THE 
INSTITUTE OF RADIO ENGINEERS, 1920, volume 8, number 2, page 128. 
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utilize two antennas, one for all wave lengths below 1,000 meters 
as illustrated in Figure 30, and another for all wave lengths of 
1,000 meters or above as typically illustrated in Figure 31. 


FIGURE 29A 


FIGURE 29B 


Inasmuch as an antenna, approximating either one of the two 
types, 1s existent at any Naval shore radio station, the installa- 
tion of this equipment has not required the construction of more 
than one additional antenna in any case. 

Transmission is provided for on either continuous wave 
telegraph, buzzer modulated continuous wave telegraph, or tele- 
phone at either approximately 25 percent, 50 percent, 75 percent, 
or full rated output. A reliable daylight communication range 
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over water of 1,000 nautical miles (1,850 kilometers), using con- 
tinuous wave telegraph, and of 200 nautical miles (370 kilo- 
meters) telephone has been consistently experienced. 


ANTENNA CHARACTERISTICS 
FUNOAMEN TALS 


WAVE LENGTH 395 METERS 
CAPACITANCE 860 MCROMICROFARADS 
INDUCTANCE SO MICRPOHENRIES 


FiGvnE 30 


FUNDAMENTALS 
WAVE LENGTH = 9BO METERS 
INDUC TANCE * 115 MICROHENRIES 
CAPACITANCE = 2350 NICHO ^SICPOFARADS 


EFFECTIVE RESISTANCE (OHMS) 


EQUIVALENT CAPACITANCE  (^CHO-PICHOFAPAOS) 


воо РОО 600 2000 2400 2800 3200 3600 
WAVE LENGTH (METERS) 


FIGURE 31 


This transmitter employs six 250-watt tubes, Type CG 916, 
all of which are used as oscillators for continuous wave telegraph. 
For telephony, three are used as oscillators and three as modu- 
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lators. Power is supplied to the plate circuits of these tubes, 
at 2,000 volts direct current. A 5-watt tube, Type CG 1162, 
is used as a modulation amplifier. The schematic circuit used 
is shown in Figure 32. 
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FIGURE 32 


The radio transmitter proper, illustrated in Figure 33, is 
approximately 3 feet 1.75 inches (1 meter) wide by 3 feet 6 
inches (1.07 meter) high by 2 feet 11.63 inches (94.4 cm.) deep, 
and weighs approximately 500 pounds (225 kilograms). It 
consists of a bakelite panel mounted on an angle iron frame and 
supported on pipe leg supports. 

The upper panel section is devoted to instruments and the 
essential controls which are required regardless of the number of 
wave lengths used. Each of the two lower panels accommodate 
the coil systems and controls for three or less wave lengths. 

On the front of the upper panel section are mounted filament 
and plate voltmeters, antenna ammeter, and plate ammeter. 
Plate ammeters for the individual transmitting tubes are mounted 
in protective glass-covered cases on each side of the panel. The 
three large control handles from left to right are the manual 
send-receive-ground switch, the signal switch for selecting the 
method of communication, and the wave change switch. A 
telephone transmitter is mounted on an adjustable bracket at 
the left, altho any other type of microphone may be used by 
plugging its terminals into a jack provided in the panel and throw- 
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ing a flush button switch mounted near the left lower edge of the 
upper panel section. А telegraph key is mounted on a small 
section of the panel which hinges out during operation into a 
horizontal position. Provision is also made for using an exter- 
nally mounted key. The buzzer for buzzer modulation is 
mounted on the front of the upper section panel as is also a single 
rheostat control for the filament current of the large transmitting 
tubes. The filament current of the modulation amplifier 5-watt 
tube is controlled by ballast lamps. On this panel section are 
also mounted a grid biasing potential switch and a double button 
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by which the motor-generator may be started by the regular 
starter or by remote control from the send-receive switch. 

At the right side of the upper panel section there is mounted 
a wave meter which includes an inductance coupled to a single 
turn in the antenna circuit, a variable condenser, and an incan- 
descent lamp as a resonance indicator. The inductance is 
adjustable by steps, its control moving a pointer radially on the 
condenser scale to various circles on which are marked various 
calibration points thruout the wave length range of the trans- 
mitter. Very accurate adjustments of wave length may thus 
be made quickly and easily. 

Behind the upper panel section are mounted the tubes on 
a spring-suspended cradle, fuses, rheostats, reactances, and so on. 

The two lower panel sections are identical in general features, 
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each having mounted behind it the coil systems for three wave 
lengths and having mounted in front three controls for each 
coil system,-that is, antenna variometer, switch for plate coil 
taps, and switch for grid loading coil taps. . 

The entire transmitter is enclosed by an iron grill and is built 
similar to а truck type switchboard in that the entire panel and 
apparatus mounted behind it may be rolled out of the protecting 
grillwork, this motion entirely disconnecting the transmitter 
from the power supply terminals which are mounted on the back 
of the grill cage, within. The transmitter is then safe for inspec- 
tion or repairs, but may instantly be connected again to the power 
supply by rolling it back into the cage. 

As regards internal construction, the transmitter is very 
similar to those just described. It embodies all the features 
of heavy rigid wiring, colored according to circuit, clear 
and careful marking of all units with name or function, and 
so on. 

The motor-generator supplied with this equipment varies 
according to the source of power at the point of installation. 
Where direct current is available at 110 or 220 volts, the motor- 
generator, illustrated in Figure 34, is furnished. "This machine 
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is 5 feet 5 inches (1.65 meter) long by 20 inches (50.8 cm.) wide 
by 19 inches (48.2 cm.) high, and weighs 1,024 pounds (462 
kilograms). It consists of a 6 horse-power (4.48 kilowatts 
output) motor, direct connected to a high voltage generator 
which from two 1,000-volt commutators in series will deliver 3.5 
kilowatts at 2,000 volts direct current. The generator is excited 
from the direct current supply line. The direct current motor 
is provided with slip rings from which alternating current at 85 
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volts 35 cycles is taken to a transformer from which, at 24 volts, 
the filaments of the tubes are lighted. 

At installation points where only an alternating current sup- 
ply of power is available the same high voltage generator is 
provided, driven by an alternating current motor. In this case, 
however, the high voltage generator is self-excited from one of 
its 1,000 volt commutators, and the alternating current for 
filament supply is furnished thru a suitable transformer, from 
the power supply line. 

An eight-cell protective unit, illustrated in Figure 35, is fur- 
nished with this equipment. It is 3 feet 10 inches (1.17 meters) 
long by 12 inches (31.6 cm.) wide by 18 inches (45.8 cm.) high, 
and weighs 95 pounds (42.7 kilograms). It is similar to the 
four-cell unit previously described and consists of eight aluminum 
cells in glass jars. A 10,000 ohm resistance is connected across 
each cell. 

With each equipment there is furnished the starting panel 
shown in Figure 36. This is contained in a sheet metal box 22 
inches (51 em.) wide by 29 inches (73.7 ст.) high by 16 inches 
(40.6 cm.) deep, and weighs 117 pounds (52.7 kilograms). It 
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contains in addition to a main line switch and fuses all of the 
necessary units for hand or remote control starting of the motor- 
generator, including a hand switch and a remotely controlled 
switch for making the control transfer. It also contains a plate 
generator field rheostat by which the power output of the equip- 
ment is adjusted. 
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FIGURE 36 


The cable connections between the various units of this 
equipment are illustrated diagrammatically in Figure 37. In 
this diagram are included the various units of the remote con- 
trol system which was developed so that it would be possible 
to use this radio equipment in conjunction with a standard radio 
receiver for radio telephone transmission and reception, oper- 
ating over a public or private two-wire telephone line. The 
system is arranged so that a send-receive switch at the trans- 
mitter can thus be remotely controlled without the use of addi- 
tional wires. To remotely control the radio set in this way, a 
subscriber must Бе provided with a small amount of special 
additional equipment and the system is designed for guaranteed 
successful operation only if the connection is limited to one tele- 
phone exchange standard cord circuit and two telephone lines 
of not more than 250 ohms each. The system fulfils, however, 
the demands of the Naval service for which it was designed, and 
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will ordinarily give successful cperation thru a connection exceed- 
ing these limits. 

The schematic circuit of this system is shown in Figure 38. 
The subscriber’s station 18 equipped with a foot switch by the 
motion of which, either up or down, a momentary impulse of 
60 cycle alternating current from a local lighting circuit 18 sent 
over the telephone line. This impulse operates a series of two 
relays which actuate the radio send-receive switch, alternately 
placing it in transmitting and receiving position as impulses are 
successively received. If operating in the proper synchronism, 
a downward movement on the foot switch therefore places the 
send-receive switch in transmitting position, and an upward 
movement places the send-receive switch in receiving position. 
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FIGURE 37 


At the subscriber’s station the supply is coupled to the tele- 
phone line thru a suitable transformer, the magnitude of the 
impulse on the line at this point being about 0.25 ampere at 110 
volts and the interval about 0.04 second. In order to get suf- 
ficient energy over the telephone lines and thru the repeater coils 
in the telephone exchange at this low frequency it is necessary 
to tune the lines with capacitance as much as possible. In cases 
where only a direct current supply of power is available at the 
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subscriber’s station, the foot switch is arranged mechanically 
to transmit a few pulses of direct current over the telephone 
line in place of the alternating current pulse. 

Each subscriber’s station desiring the possibility of radio 
connection must be equipped with only two additional pieces 
of apparatus, a foot switch and a control box. The foot switch 
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is shown in Figure 39. Its over-all dimensions are 3 inches 
(7.6 cm.) wide by 3.25 inches (8.27 cm.) high by 7.5 inehes 
(19 ст.) long, and its weight is 5.5 pounds (2.48 kilograms). Ву 


FIGURE 39B 


the use of springs it is so arranged that the switch does not act 
until the foot pedal has passed thru approximately two-thirds 
of its range of motion. The contacts are fixed members and are 
closed by sectors on the moving drum. The foot switch momen- 
tarily connects the supply line leads to the control box trans- 
former, and simultaneously short-circuits the telephone receiver, 
with sufficient lap to insure the absence of objectionable intensity 
in the resulting click. 
427 


The control box, illustrated in Figure 40, is a sheet metal 
box 6 inches (15.2 cm.) wide by 11.25 inches (28.6 cm.) high by 
4.25 inches (10.8 cm.) deep, and weighs 11 pounds (5 kilo- 
grams). It contains merely a transformer and tuning condensers. 
The transformer transfers the alternating current pulse from the 
supply line via the foot switch to the telephone line. The foot 
switch and control box are connected to the subscriber’s regular 
telephone illustrated in Figures 37 and 38. 


FIGURE 40 


For use in this system, three additional units are required 
at the radio station, an operator’s control unit, a relay panel, 
and a foot switch. The operator’s control unit, illustrated in 
Figure 41, is enclosed in a sheet brass box 10 inches (25.4 cm.) 
wide by 11.25 inches (28.6 cm.) high by 4.25 inches (10.8 cm.) 
deep, and weighs 23 pounds (10.3 kilograms). On the front of 
the box are mounted the filament rheostat control for the ampli- 
fier tube within, three-position telephone keys, one two-position 
telephone key, and two jacks. From left to right the functions 
of the telephone keys are as follows: The first key is for con- 
necting the breast microphone transmitter and head receivers 
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of the radio operator to the radio equipment or to the telephone 
line. The second key is for connecting the radio equipment for 
either local or distant control. The third key is for connecting 
the incoming telephone line at the radio station to either the 
local subscriber’s telephone set or to the radio equipment. The 
red-handle key to the extreme right is a two-position self-restoring 
key and, when moved down and released, actuates the position 
relay once. The key may thus be used for synchronizing the 
control system or as an emergency send-receive switch. The 
jacks are for the radio operator’s breast microphone and head 
receivers. 

Viewing the box from the rear, in the upper part is mounted 
the transformer connecting the radio receiver to the telephone 
line and a smoothing-out reactor. A 5-watt transmitting tube, 
used as a voice amplifier between the telephone line and the 
transmitter, is mounted on a spring suspended support in the 
upper part of the box. On the bottom of the box are mounted 
‘the amplifier input and output transformers. The terminal 
board is mounted on the right side. The entire top is hinged 
for inspection and tube renewal, and the portion directly above 
the tube is perforated. 

The relay panel, illustrated in Figure 42, is enclosed in a 
sheet metal box 24.75 inches (62.8 cm.) wide by 20.75 inches 
(52.7 ст.) high by 9.5 inches (24.1 cm.) deep, and weighs 135 
pounds (61 kilograms). The panel is made of 1.5 inch (3.8 
ст.) blue Vermont marble across the upper part of which is 
mounted the shaft on which the send-receive switch contacts 
are operated. The shaft is made of hickory, specially oil-treated. 

The impulse from the telephone line enters thru terminals 
on the lower right edge, thru the transformer and tuning con- 
densers to the right of the lower barrier, and actuates the tele- 
phone relay at the bottom of the panel to the left of the termi- 
nals. As the telephone relay closes it actuates the position 
relay above it and also energizes a “‘holding-in’ coil on its own 
core. The position relay, dependent upon its previous position, 
either energizes or de-energizes the solenoid directly above it, 
resulting in the rotation of the contactor shaft in one direction 
or the other. In either case one of the sets of contacts to the 
left of the solenoid disconnects momentarily the ''holding-in" 
coil of the telephone relay, allowing the armature of that relay 
to fall back into position to receive another impulse from the 
telephone line. Another small set of contacts at that point in 
the shaft short-circuits either the primary winding of the ampli- 


429 


* 


a 


РЕ. 
db БЫ 


gi <-> 
7 e — 


Ficure 41А 


Fictre 41B 
1:0 


Digitized by Google 


FIGURE 42A 


ЁЕ1СОНЕ 42B 


431 


Digitized by Goo | le 


fier input transformer or the secondary winding of the radio 
receiver output transformer, depending upon the initial position 
of the shaft for radio reception or transmission. The three 
contacts at the left close the plate circuit, transfer the antenna 
from radio receiver to radio transmitter, and close the grid cir- 
cuit. These contacts close in this order and open in the reverse 
order. The terminals for the plate, grid and antenna contactors 
are mounted on insulators which extend 3.5 inches (8.9 em.) 
above the relay panel box. 

Below the plate, grid, and antenna contactors are mounted 
resistors and by-pass condensers forming a potentiometer by 
which power for the plate circuit of the amplifier tube is obtained 
from the radio transmitter high voltage supply. Marble bar- 
riers are placed to the right of the high voltage portion of the 
relay panel and the box door over this portion may remain closed 
while the other side is opened, thus protecting the operator while 
making adjustments or repairs on the low voltage portion of the 
panel, 

The foot switeh used at the radio station is of the same 
design as that supplied for the distant subseriber’s station, but 
instead of connecting a pulse source to the telephone line it 
merely actuates the position relay on either an upward or down- 
ward movement, and is connected in parallel with the emergency 
send-receive or svnehronizing key on the operator’s control unit. 

CONCLUSION 

This completes a review of some of the tube transmitting 
equipment now used inthe United States Navy. This apparatus, 
the first of its kind in this country to be manufactured in quan- 
titv and placed in an operating service, may be regarded at the 
present time as an expedient to render service during the devel- 
opment of more suitable equipment. It is keenly realized that 
more satisfactory, less expensive, and higher power vacuum 
tubes must be made available, that the sources of power supply 
must be improved, and that to be wholly practical the radio 
telephone must be a duplex system on high power as well as low 
power. Active development is being conducted to the accom- 
plishment of these and other ends. 

However, the apparatus herein described does represent the 
first application to an operating service of the principles and 
devices known until recently. only in the research laboratory. 
This apparatus in its development has suffered a severe handi- 
eap in lack of design experienee, but its development has resulted 
in establishing a measurable amount of this experience. 
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The highest credit is due the engineers of the Western 
Electric Company, the General Electric Company, and the Navy 
Department who have labored untiringly to make this equip- 
ment a realization. Their work and its results will be a guide 
and an inspiration to the accomplishments of the future. 


SUMMARY: The Navy Department’s policy of pursuing the development 
of vacuum tube transmitters and the reasons therefor are discussed. There 
are then outlined the performance requirements for apparatus of this type 
for Naval use and the considerations involved in its standardization. 

There are made some preliminary statements regarding standard 
equipment, including the discussion of ratings and circuits used. The stand- 
ard apparatus for measuring antenna characteristics is described in detail. 
A brief review is given of the tubes used, the reasons for their selection, and 
some novel points regarding their operation. 

Some of the representative standard transmitters are then described, 
including 5, 150, 300, and 750-1,500 watt equipments. Consideration is also 
given to several recently developed remote ccntrol systems. 
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SOME IMPROVEMENTS IN THE POULSEN АКС* 
Part I 


(A Method for Reducing the Intensity of the Magnetic Field in the 
Poulsen Arc. Single Voltage Peak Operation. The “Ideal” Arc) 


By 
P. O. PEDERSEN 


(PROFESSOR IN THE ROYAL TECHNICAL COLLEGE, COPENHAGEN, DENMARK) 


INTRODUCTION 


In a series of investigations the author has endeavored to 
explain the operation of the Poulsen are, and the main results 
of these investigations have been published in these PROCEED- 
INGS.! The understanding of are operation thus obtained made 
it possible to improve the arc in several ways; and a brief descrip- 
tion of some of these improvements may possibly be of interest 
to some readers of the PROCEEDINGS OF THE INSTITUTE ОЕ 
RADIO ENGINEERS. 

The /gnition voltage of the are may either be higher or lower 
than the extinction voltage. In the first case, the are is actually 
extinguished once in every period and the are voltage shows 
separate extinetion and ignition peaks, as shown in reference 
(a) below, Figures 16a, parts a-d. When the ignition voltage 
is lower than the extinetion voltage, or at most equal to it, the 
are is not actually extinguished. The are current in this case 
momentarily diminishes almost to zero, but not quite, because 
а “пем?” are strikes at the edges of the electrode before the told” 
one is completely extinguished. In this case, the are voltage 
has only ene peak in every period. (See reference (a), Figure 
Іба, part e, and reference (b), Figure 1.) We shall, in the fol- 
lowing, speak of one-peak and two-peak operation respectively. 

We have, in the previous papers, mainly considered two- 
peak operation. One-peak operation is, however, the ideal 
` "BReecived bv the Editor, Магеһ 1, 1921. 

1 (aj “On the Poulsen Are and Its Theory,” PROCEEDINGS oF THE Is- 
STITUTE OF RADIO ENGINEERS, Volume 5, pages 255-316, 1917. 


(b) "Supplementary Note,’ volume 7, pages 293-297, 1919. Referred 
to above as (a) and (b). For list of symbols, see reference (a), pages 315, 316 


131 


method; and this ideal is obtained thru the improvements to Бе 
described in this paper. Two-peak operation has been, up to 
now, the most stable manner of functioning of the normal Poulsen 
arc. In order to enable us to understand the difference between 
one-peak and two-peak operation, we will, therefore, first touch 
briefly upon those features in the two-peak operation which 
must be changed in order to obtain stable one-peak operation. 

As shown on page 303 of reference (a), the supply voltage 
V, is related to the intensity H of the magnetic field in the man- 
ner shown diagrammatically in Figure 1. 


H 


FIGURE 1—Diagrammatic Representa- 

tion of the Supply Voltage Vo as a 

Function of the Field Intensity dH. 

(The Figures on the Curve denote the 

Number of Ares to be seen in the Side 
View) 


The first part ab of the (H, Vo) curve, corresponding to high 
field intensities has quite a regular shape, Vo decreasing with 
decreasing field intensity. As the efficiency of the arc is inversely 
proportional to the value of V,, it is most advantageous to em- 
ploy as weak a field as possible. On the other hand V, increases 
rapidly with decreasing field intensity below the point b. Hence, 
in practice, a value such as Н° a little to the right of the point b 
must be applied.? For the normal Poulsen arc H" is the most 
desirable value for the intensity of the magnetic field. 

On the other hand, a reduction of the field intensity below 
H^ in Figure 1 would, if possible, offer a number of advantages: 
(1) The reduction of the field intensity is in itself of great advan- 


2 An explanation of the remarkable shape of the (H, Vo) curve is given 
in references (a) and (b). 
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tage in large arcs.* (2) The efficiency of the arc would probably 
increase somewhat, as indicated by the curve abc in Figure 1. 
(3) In weak fields, the arc would give one-peak operation. Regular 
one-peak operation is of advantage since it gives a radio frequency 
current wave of almost perfectly pure sinusoidal shape, and thus 
eliminates any harmonics which may be caused by sudden bends in 
the current curve. As shown in reference (a), Figure 16a, part 
e such single voltage peak operation has also been obtained in a 
normally operating arc—the arc starting once in every period 
from the edges of the electrodes—and with a carefully regulated 
weak field and the correct distance between the electrodes. Thus 
regulated, the arc may burn for a long time with only one peak 
of arc voltage in each period, especially if the electrodes have a 
suitable shape. But, generally, this operation is not very stable, 
being likely to change over to the ‘‘two-step operation" shown 
in reference (b), Figure 2, parts c, c’. 


FIGURE 2—Diagrummatic Representation of the Operation of an 
Arc with Cooling Shoe, S 
2,Valuable information is given concerning the идеш of obtaining a 
sufficiently strong magnetic field in large arcs in a paper by L. F. Fuller, 
PROCEEDINGS OF THE Ioni oF RADIO ENGINEERS, volume 7, pages 449- 
497, 1919. 
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The problem is thus to reduce the field intensity considerably 
below H°—or rather below the point b in Figure 1—and at the 
same time induce the arc to operate regularly with one voltage 
peak. This may be done, and quite easily, by employing a 
water-cooled copper shoe (cooling shoe) on the cathode in order 
to limit the travel of the arc along the cathode. (See Figures 
2 and 3; where C is the cathode (carbon) and Cu the water-cooled 
anode (copper). 

As an are can exist only when the cathode crater is in an 
incandescent state, such a cooling shoe will effectively prevent the 
arc from traveling further out along the cathode even if the field 18 
so weak that the arc would do so without the cooling shoe. At the 
end of the period the arc—having reached the edge of the cooling 
shoe—must, therefore, necessarily be extinguished and simul- 
taneously a new one start at the edges of the electrodes. 

This view was fully confirmed by the results of our experi- 
ments with a cooling shoe,‘ of which a few are tabulated below. 


TABLE 1 
Wave Length=9,800m. V,- Arc Voltage 
R = about 5 ohms C = 18,650 cm. 
I = Radio Frequency Current 7,—Supply Current 
L —13X105 em. I, = Current thru Magnet Coils 


Cooling Form of 


1,500 with shoe } homo- 


2,200 | without shoe geneous 


The result tabulated above is only one of a long series of 
measurements, but is characteristic of the results obtained 
thruout. 

In order further to test the correctness of this explanation of 
the operation of the arc with а cooling shoe, we have taken a 
number of Gehrcke-tube oscillograms of the arc voltage in an 
arc with cooling shoe. They all show a regular one-step and one- 
peak operation of the arc. 

Another advantage is that the arc burns even more steadily 
with the cooling shoe than without it. This is quite natural as 


* The cathode cooling shoe is patented in various countries. 
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the arc now travels over exactly the same distance along the 
electrode during every period, the crater path being sharply 
limited by the cooling shoe where the carbon burns away along 
quite a steep surface, as is shown in a of Figure 3. Without the 
cooling shoe the carbon burns away as shown by the dotted line 
a-b. Without the shoe, the arc may in this case accidentally 
travel further out during one period than during another, which 
will cause a corresponding small variation in the wave length. 


DP +. Де + BTS ЖЛЕ аа EUMQUE Жөн СА}. ООЁ 


Figure 3—Cathode with Water-cooled Shoe S. The Cathode is Slowly 
Rotated 


There is no trouble at all in attaching and maintaining the 
cooling shoe in operation. The angle which the surface facing 
the arc makes with the axis of the electrodes is of some import- 
ance, and the distance from the edge of the electrode to the edge 
of the shoe should be closely adjusted. The value of this dis- 
tance depends on the wave length and on the value of the cur- 
rent. The shoe must not be moved toward the cathode edge 
after the arc has been burning for some time, since there is danger 
that the are will then burn underneath the tip of the shoe and 
melt it. 

The are from a cathode provided with a shoe is extremely 
easy to start and to adjust. The wear on the carbon is very 
slight and very regular, and the same carbon may, therefore, be 
used for a very long time, especially if the relative height of the 
cathode and the anode can be adjusted according to the wear on 
the carbon. Figure 4A and 4B are two photographs of a cathode 
provided with a cooling shoe. This form of shoe has served very 
well. | 

Some peculiarities noted during the experiments on cooling 
shoes may be mentioned. When the carbon has burned with 
the shoe for at least one revolution, the shoe may be temporarily 
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FIGURES 4А and 4B—Cathode with a Cooling Shoe. a inlet, a’ outlet for 
water. The cathode proper is rotated as indicated by an arrow 


removed without appreciably altering the working of the arc; 
but after a little while the arc becomes unsteady and the field 
intensity must be increased. The reason for this is quite evident. 
As long as the carbon retains its steep profile at a, the are will, 
when once started, have a tendency to burn in the same way 
without the shoe as with the shoe. But as soon as the carbon 
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profile approaches the line ab, the arc changes over to working 
in two or three steps. A continuous operation under the im- 
proved conditions is possible only with the use of the shoe. 
Turning down the carbon to the profile shown in heavy outline 
in Figure 3, and then using it without a shoe has also been tried, 
but no practically useful results were obtained in this way. 

In order to illustrate the difference between one-peak and 
two-peak operation, we have in Figure 5 shown the arc current . 
and the arc voltage in the two cases, part А representing two- 
peak and part B one-peak operation. 

A very important advantage of the one-peak operation, as 
mentioned before, is the elimination of the sudden bends in the 
current curve at the points where the arc is extinguished and 
re-ignited with the two-peak operation. These sudden bends 
indicate the existence of some of the higher harmonics in the 
radio frequency current, and they may cause free oscillations 
in the antenna and other nearby conductors. The radiations 
caused by these harmonics and free oscillations may cause in- 
terference at neighboring receiving stations when conditions 
are unfavorable. Of course, all these effects may, if necessary, 
be eliminated by methods similar to those used for the same 
purpose in connection with large thermionic tube generators 
and in connection, with mechanical alternators with static fre- 
quency changers or they may be eliminated in other -ways.5 
But it is clearly simpler if the current curve is without any 
bends at all, and with regular one-peak operation, the current 
curve is almost exactly a pure sine curve and the above-men- 
tioned disturbances are reduced to an absolute minimum. 
Probably no other radio frequency generator is able to give so 
smooth a sine curve. 

An arc operating regularly with one-step and one-peak function- 
ing may properly be called an ideally operating Poulsen arc. 

No great increase in the efficiency of the arc was directly 
obtained by the use of the cooling shoe. Other means, however, 
have been found which substantially increase this efficiency, and 
these means will be described in a later paper. 

In conclusion I desire to acknowledge my indebtedness to 
Mr. J. P. Christensen for the excellent help he has given me in 
this work. | 

Royal Technical College, Copenhagen, February, 1921. 

SF. A. Kolster, “Ке-епѓогсеа Harmonics in High Power Arc Transmit- 


ters," PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, volume 7, page 
648, 1919. 
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Figure 5—Diagrammatic Representation of the Current and Voltage Curves 


for (A) Two-peak and (B) One-peak Operation 


SUMMARY: The operation of the Poulsen Arc with only one voltage peak 
per period is shown to be desirable in that it permits the use of weaker magnetic 
fields across the arc and gives a nearly sinusoidal radio frequency current. 
The obtaining of one-peak operation by a suitably shaped and situated cathode 
cooling shoe is described and explained. 


441 


DIGEST OF UNITED STATES PATENTS RELATING TO 
RADIO TELEGRAPHY AND TELEPHON Y* 


IssvED JUNE 21, 1921—AÀvcvsT 16, 1921 


Bv 
JOHN B. BRADY 


(PATENT LAWYER, Ovnav BUILDING, WASHINGTON, D. С.) 


The object of this section in the PROCEEDINGS OF THE 
INSTITUTE OF RADIO ENGINEERS is to make available in con- 
venient form for research engineers and others interested, brief 
information on radio patents which are issued each week by the 
Patent Office. The rapid development in this art emphasizes 
the importance of radio research engineers being familiar with 
patent literature to eliminate, as far as possible, the duplication 
of effort in research. It is not the purpose of this section to 
explain radio inventions fully, but merely to indicate the general 
nature of the patents in order that those of particular interest 
to individuals concerned with certain problems may be selected 
and complete copies of the patents obtained for study. Copies 
of the patents may be secured at ten cents each by communi- 
cating with the Commissioner of Patents, Washington, D. C. 


1,381,089— Harold H. Beverage, Schenectady, New York, filed 
April 10, 1920, issued June 7, 1921. Assigned to General 
Electric Company. 


RADIO-RECEIVING SYSTEM, including a horizontal and aperio- 
dic antenna extending in a direction parallel to the direction of 
transmission of the signals to be received. The antenna is 
constructed with distributed capacity, inductance, and resistance 
of such values that the currents produced therein by the desired 
signals increase progressively from the end of the antenna near- 
est the transmitting station at А in Figure 1 to a maximum at 
the farthest end from the transmitting station at which the 
receiver is connected in Figure 1. 


* Кес ceived by the Editor, August 31, 1921. While great care has been 
taken in the preparation of these Digests, THE INSTITUTE OF RADIO ENGINEERS 
assumes NO responsibility for their correctness MIRE Ө or [о possible 
ошо of particular patents: — EDITOR. 


442 


хь 


Race:vine 
APPARATUS 


SIGNALING 
CURRENT 


NUMBER 1,381,089—Radio Receiving System 


1,382,177—William Dubilier and Philip Dubilier, New York, 
N. Y., filed July 10, 1916, issued June 21, 1921. Assigned 
to Sperry Gyroscope Company. 
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Fig. 2 
NuMBER 1,382,177 —БКайіо Signaling Apparatus 
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RADIO SIGNALING APPARATUS, comprising a form of trans- 
mitting equipment wherein radio frequency oscillations are pro- 
duced in a highly quenched circuit closely coupled to a radiating 
cireuit. The oscillating circuit comprises a make and break 
or vibratory spark gap controlled by a power source of alternating 
or direct current, with the radiating oscillating circuit connected 
across the gap and closely coupled with the antenna system. 


1,382,206— David G. McCaa, Lancaster, Pennsylvania, filed 
January 19, 1920, issued June 21, 1921. Assigned (one- 
half) to Cornelius D. Ehret, Mount Airy, Philadelphia, 
Pennsylvania. 


NUMBER 1,382,206— Transmitting Apparatus 


TRANSMITTING APPARATUS, for radio telephony in which the 
radio frequency energy is not present in the antenna and 
ground system until the microphone is operated. The carrier 
frequency oscillations are generated by vacuum tube V and con- 
trolled by а microphone such that instantly the voice or sound 
waves cease at the microphone, the radio frequency, energy 
ceases in the antenna system; and, similarly, instantly sound 
. waves or speech is initiated and continued at the microphone, 
oscillations are present in the antenna system and vary in 
accordance with the speech. 
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1,382,590— William С. Ziegler, Chicago, Illinois, filed January 3, 
1920, issued June 21, 1921. 


NuMBER 1,382,590—Submarine Wireless System 


SUBMARINE WIRELESS SYSTEM, operating at low, frequencies. 
The patent discloses a particular form of transmitting and re- 
ceiving apparatus. 


1,382, 738—Marius C. A. Latour, Paris, France, filed June 8, 
1918, issued June 28, 1921. 


AMPLIFYING APPARATUS, constructed to eliminate objection- 
able noises due to the setting up of oscillations. The potential 
of the frame or casing of the telephone head-piece, and the 
operator, and the frames or cores of the transformers and of the 
primary winding of the first transformer are maintained at a 
potential equal to that of the earth. 


1,382,786—August J. Kloneck, New York, N. Y., filed June 3, 
1916, issued June 28, 1921. 
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NUMBER 1,382,786—Rotary Spark-Cap 


ROTARY Spark-Gap, comprising a pair of rotors holding 
electrodes formed in sections which are brought adjacent to each 
other in operation. The electrodes form spark gaps giving the 
desired. number of current interruptions. The rotors are driven 
In Opposite directions. 
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1,382,877—Ernst F. W. Alexanderson, Schenectady, New York, 
filed October 6, 1916, issued June 28, 1921. Assigned to 
General Electric Company. 


NUMBER 1,382,877—Means for Frequency Transformations 


MEANS FOR FREQUENCY TRANSFORMATIONS, wherein is em- 
ployed an iron core inductance thru which the current from the 
alternator passes and operates in such a way that the core be- 
comes saturated and thereby produces a distorted voltage wave 
at its terminals. The circuit which includes this inductance and 
the source of current of fundamental frequency is preferably 
resonant to the fundamental frequency and is so adjusted that 
it offers a relatively very high impedance to the flow of current 
of the harmonic frequency which is to be utilized. The dis- 
torted voltage wave produced is applied to a second circuit 
which is resonant to the desired harmonic frequency. This 
second circuit may also be so adjusted that it offers a high im- 
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pedance to current of the fundamental frequency or other means 
may be employed for preventing current of the fundamental 
frequency from flowing in the second circuit, and vice versa. 
If it is desired to produce a current having a frequency equal to 
an even harmonic of the fundamental, the iron core inductance 
may be saturated by means of a direct current. If an odd har- 
monic is to be utilized, this will not be necessary altho in some 
cases a small amount of direct current may be utilized to assist 
in tuning. 


1,382,914— Charles A. Hoxie, Schenectady, New York, filed 
May 10, 1920, issued June 28, 1921. Assigned to General 
Electric Company. 


NUMBER 1,382,914—Amplifying System 


AMPLIFYING SYSTEM, designed to avoid undesirable produc- 
tion of oscillatory currents in cascade amplifieation and to be 
highlv selective to a particular frequency without producing an 
appreciable amplification of currents of other frequencies. The 
different stages of the amplifier have substantially no electro- 
static coupling and are shielded to prevent entirely any feed- 
back action from an output circuit to the input circuit of a 
preceding stage. 


1,383,275—Samuel E. Adair, New York, N. Y., filed August 14, 
1919, issued July 5, 1921. Assigned to International Radio 
Telegraph Company. 

AMPLIFIER, designed to be free from oscillating disturbances 
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which result in producing “howls,” and also free from paralysis 
due to the production of negative charges on the grids of the 
tubes. In this amplifier the vacuum tubes in the several stages 
are connected in one branch of a series of Wheatstone bridge 
circuits. 


T 
4 
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1,383,807—Raymond A. Heising, East Orange, New Jersey, 
filed September 21, 1915, issued July 5, 1921. Assigned to 
Western Electric Company. 
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NUMBER 1,383,275— Amplifier 


POWER MODULATION Fon RADIO TRANSMISSION, Wherein only 
a small current passes directly thru the telephone transmitter 
or other signaling device. The modulation of the total radio 
frequency power is obtained by varying the impedance of а 
vacuum tube placed in an antenna circuit. In order to permit 
the passage of both halves of the radio frequency oscillations, 
the system is made symmetrical by using two vacuum tube im- 
pedances, Figure 1, suitably connected or by using a single 
vacuum tube impedance containing additional elements, Figures 
2 and 3, which render the cireuit symmetrical. 


1.384,014— Reginald. A. Fessenden, Brookline, Massachusetts, 
filed January 14, 1918, issued July 5, 1921. Assigned to 
Submarine Signal Company. 

METHOD AND APPARATUS FOR SIGNALING AND OTHERWISE 
UTILIZING RADIANT IMPUrLsES, in which a tetrahedron collector, 
Figures 1, 2, and 3, having three Joining faces at right angles to 
each other and another surface in proximity to the tetrahedron 
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is employed whereby the incidence of radiant energy on the 
tetrahedron may be determined. The system employs light 
waves, heat waves, ultra-violet waves, X-rays, Hertzian waves, 
or sound waves. 


NuMBER 1,383,807—Power Modulation 
for Radio Transmission 


1,384,108—Roy A. Weagant, Roselle Park, New Jersey, filed 
April 9, 1914, issued July 12, 1921. Assigned to Radio 
Corporation of America. 


MEANS FOR GENERATING ELECTRICAL OSCILLATIONS, com- 
prising a vacuum tube oscillator circuit in which an adjustable 
non-inductive resistance is connected between two of the elec- 
trode members of the vacuum tube. 


1,384,523—Athelstan Argyle Hall, London, England, filed 
November 1, 1919, issued July 12, 1921. 


“WIRELESS” SIGNALING APPARATUS, comprising an oscillating 
vacuum tube transmitter wherein the oscillatory circuit is com- 
pleted thru a portion of the earth. The portion of the earth 
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between the connections of the oscillating circuit is intended to 
constitute in effect the receiving or transmitting medium of the 
system. 


3 Us MOCEMER 


NUMBER 1,384,014—Method and Apparatus for Signaling 
and Otherwise Utilizing Radiant Impulses 


4 


NUMBER 1,384,108— Means for Generating Elec- 
trical Oscillations 
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NUMBER 1,384,523—''Wireless" Signaling Apparatus 


1,385,090—John Mills, Wyoming, New Jersey, filed February 
19, 1916, issued July 19, 1921. Assigned to Western 
Electric Company. 


Rapio RECEIVING SYSTEM, including an electrical network 
connection which discriminates between the effects of impulsive 
and of periodic excitation of the receiver. The network reduces 
the effect of the impulsive excitation or static disturbances, 
while permitting the passage of the periodic excitation or the 
oscillations produced by a sustained voltage received from the 
transmitter. This is accomplished by making use of the fact 
that the free oscillations in the various sections of a recurrent 
network, produced by such an impulsive excitation as a static 
disturbance, for example, maintain certain invariable phase and 
amplitude relations for each mode of oscillation, irrespective of 
the damping of the network, while the forced oscillations, due 
to a signal to be received, are attenuated and altered in phase in 
passing along the network. 


1,385,091—John Mills, Wyoming, New Jersey, filed September 
25, 1916, issued Julv 19, 1921. Assigned to Western Electric 
Company. 
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NUMBER 1,385,090—Radio Receiving System 


(ё 
NUMBER 1,385,091 —8ірпаіпр 
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SIGNALING, or more particularly a radio receiving apparatus 
for the elimination of strays. The principle of this circuit is 
based on the balancing of the energy in two different circuits. 
As а stray excites the circuits equally, the energies may be 
neutralized. It is immaterial what the instantaneous values 
of the currents may be as the energy responsive devices con- 
trolling the signaling instrument integrate the energy received 
and do not respond to the instantaneous current values. Signals 
received on a desired single frequency, however, excite the 
two circuits unequally and cause the desired operation of the re- 
ceiving instrument. 


1,385,121—Harold F. Elliott, Palo Alto, California, filed March 
23, 1920, issued July 19, 1921. Assigned to Augustus 
Taylor. 


NUMBER 1,385,121—Are Radio Oscillation Generator 


ARC Rapio OSCILLATION GENERATOR, having in an are cham- 
ber a metallic anode with a cylindro-conoidal tip and a cathode 
disposed at a right angle to the axis of the anode with the cathode 
tip positioned back from the end of the anode tip. The patentee 
points out that in the previous type of are there was con- 
siderable tendency for the are to wabble and wander around 
on the anode with occasional Jumping to the magnetic field pole 
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tips. This tendency of the arc to jump to the pole tips has some- 
times been overcome by reducing the voltage across the arc, 
but which consequently reduced the power output of the gener- 
ator. In accordance with the present invention, the arc flame 
is guided by reason of the shape of the anode which produces 
steadier operation of the generator and the are does not wabble 
or jump to the magnet poles, so that a higher voltage may be 
impressed on the arc, or for a given voltage the magnet pole tips 
may be placed closer together, reducing the magnetic air gap 
and permitting the use of smaller magnet coils. 


1,385,379—Frank Kratz, Stuttgart, Germany, filed January 26, 
1917, issued July 26, 1921. Assigned to American Bosch 
Magneto Corporation. 


NuMBER 1,385,379—Electrical Condenser and 
Method of Making it 


ELECTRICAL CONDENSER AND METHOD OF MAKING Іт. The 
condenser is constructed upon an oval core with alternate bands 
of foil and dielectric wound thereon, the individual bands hav- 
ing laterally projecting edge portions lying flat against the 
opposite sides of the condenser to form side terminals. 


1,385,657—Louis Bell and Norman Marshall, West Newton, 
Massachusetts, filed March 4, 1918, issued July 26, 1921. 
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NUMBER 1,385,057 —Method of and Apparatus 
for Utilization of Observable Radiations 


METHOD OF AND APPARATUS FOR UTILIZATION OF RADIATIONS. 
Signaling is conducted by use of invisible light rays by forming 
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a directive beam of rays between 400 ди and 350 ин wave length 
and by collecting the rays for observation on a fluorescent 
medium. 


1,385,696— Norman Marshall and Louis Bell, West Newton, 
Massachusetts, filed February 1, 1919, issued July 26, 1921. 


NuMBER 1,385,696—Method and Apparatus for 
Utilization of. Observable Radiations 


METHOD AND APPARATUS FOR UTILIZATION OF OBSERVABLE 
RADIATIONS. A combined transmitting and receiving apparatus 
18 provided for communication by light rays comprising at the 
receiver an observing objective lens and an eye piece and fluores- 
cent medium acted upon by invisible rays; and, at the trans- 
mitter, a projector of rays. 


1,385,818—Clair L. Farrand, Elizabeth, New Jersey, filed June 
14, 1919, issued July 26, 1921. Assigned to Radio Corpora- 
tion of America. 


Rapio TRANSMITTER, employing a vacuum tube arranged 
with a plurality of external control members outside of the tube 
connected in separate circuits. Oscillations are produced in 
the several circuits and energize the antenna system. 


1,385,873—-Albert W. Hull, Schenectady, New York, filed June 
5, 1916, issued July 26, 1921. Assigned to General Electric 
Company. 
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NUMBER 1,385,818—Radio-Transmitter 


ELECTRON-DISCHARGE APPARATUS, in which a charge-con- 
trolling member in proximity to the cathode is provided and by 
varying the potential between this member and the cathode, 
the effective emission of primary electrons is varied, that is, 
the number of primary electrons which will reach the co-operating 
electrode is varied. When this is done the number of secondary 
electrons produced and the negative resistance of the device 
are also varied and the current in an external circuit between the 
cathode and the co-operating electrode is varied accordingly. 


1,386,830—Ernst F. W. Alexanderson, Schenectady, New York, 
filed August 5, 1915, issued August 9, 1921. Assigned to 
General Electric Company. 


METHOD OF AND APPARATUS FOR PRODUCING AND DISTRIB- 
UTING ELECTRIC-CURRENT WAVES OF RADIO FREQUENCY, on а 
current wave which is the equivalent of two electric current 
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waves of different frequencies and of substantially constant 
amplitudes. The circuits shown in Figures 8 and 9 produce the 
desired component waves which are shown diagrammatically in 
Figure 7. The waves B and C represent the two electric current 
waves of different frequencies and of constant amplitudes which 
it is desired to produce. When combined, the waves B and C 
produce the wave A, which may be resolved into the two waves 
B and C. 


T „чэч 
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NuMBER 1,385,873—Electron-Discharge Apparatus 
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NuMBER 1,386,830—Method of and Apparatus for 
Producing and Distributing Electric Current Waves 
of Radio Frequency 


1,386,840—Reginald Charles Clinker, Rugby, England, filed 
November 29, 1919, issued August 9, 1921. Assigned to 
General Electric Company. 
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NUMBER 1,386,840— Radio Signaling System 


RADIO SIGNALING SYSTEM, comprising a readily portable 
receiving apparatus. The equipment is made compact by pro- 
viding a coil antenna disposed on a frame with the receiving 
apparatus carried within the frame, Figures 1 and 2. The com- 
plete equipment is mounted in a casing which may be readily 
transported from place to place. The wiring of the apparatus 
is shown in Figure 3. 
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1,387,262—Ralph V. L. Hartley, East Orange, New Jersey, filed 
September 30, 1915, issued August 9, 1921. Assigned to 
Western Electric Company. 


NUMBER 1,387,262—Receiving Apparatus for Wave Signaling 


RECEIVING APPARATUS FOR WAVE SIGNALING, Which may be 
readily changed to receive telephonic and telegraphic signals, 
either with or without the heterodyne. A local generator at 
the receiver may be cut in or removed from the circuit to permit 
reception by means of the heterodyne or by straight rectification 
and amplification of the signals. 


1,887,736—James Harris Rogers, Hyattsville, Maryland, filed 
May 2, 1917, issued August 16, 1921. 


NUMBER .1,387,736— Radio Signaling System 
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Rapio SIGNALING SYSTEM, for operation aboard vessels. 
An antenna is employed comprising horizontal wires disposed 
entirely within the metallic hull of the vessel with a metallic 
screen inclosing the antennas thruout their length. 


1,387,850—John Hays Hammond, Jr., Gloucester, Massa- 
chusetts, filed June 7, 1912, renewed January 18, 1921, 
issued August 16, 1921. 


NUMBER 1,387,850—System of Radio Directive Control 


SYSTEM OF RADIO DIRECTIVE CONTROL, in which the move- 
ments of boats, aircraft, or vehicles may be controlled and 
guided in the direction of a transmitting station. Figure 3 is 
representative of the system wherein two antennas connected 
in separate control circuits simultaneously receive energy from 
a distant transmitter and operate a steering mechanism. The 
operation is such that the antennas are maintained by the steering 
mechanism in a position with respect to the distant transmitter 
to receive equal amounts of energy in the respective circuits. 


1,387,986— Albert W. Hull, Schenectady, New York, filed March 
10, 1917, issued August 16, 1921. Assigned to General 
Electric Company. 
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Fig I. 


Third Electrode. 


Electron Currents to 


Potential of 
Third Electrode 
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NUMBER 1,387,986— Radio Receiving System 


Rapio RECEIVING SYSTEM, employing a negative resistance 
device connected to the radio frequency receiving circuit for 
reducing the damping thereof. The negative resistance device 
is connected to the oscillating circuit in such a wav as to com- 
pensate for the positive resistance of the circuit reducing the 
damping factor and increasing the maximum possible amplifica- 
tion of the oscillations in the circuit. 


1,387,984—Albert W. Hull, Schenectady, New York, filed 
August 30, 1915, issued August 16, 1921. Assigned to 
General Electric Company. 


NEGATIVE RESISTANCE, or a device in which the current will 
decrease as the potential applied thereto increases, in contradis- 
tinction to the ordinary resistance devices in which an increase 
of potential is accompanied by an increase in current. The 
device is shown in Figure 1. If the cathode is connected to 
earth and heated to incandescence and a positive potential im- 
pressed upon the anode, there will be a flow of electrons from 
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cathode to anode. If the third electrode is also at earth poten- 
tial, no electrons will be received thereby because it is at the 
same potential as the cathode. If, however, a small positive 
potential is applied to the third electrode, a portion of the elec- 
trons which pass thru the grid anode will strike it and it will 
receive a current of negative electricity. The velocity with 
which these electrons will strike the third electrode will depend 
upon the potential difference between it and the cathode. If 


Electren currents te third electrode 


NUMBER L,387,0984— Negative. Resistance 
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this potential is increased, the velocity will increase until the 
electrons striking the third electrode are able, by their impact, 
to liberate secondary electrons. These secondary electrons 
leaving the third electrode will be attracted to the more positive 
anode. As the potential is increased, a point will finally be 
reached at which the number of secondary electrons leaving the 
third electrode is just equal to the number of primary electrons 
that strike it, that is, each electron that strikes it liberates on the 
average one secondary electron. No current will then be re- 
ceived by the third electrode. If the potential of the third elec- 
trode is further increased, the number of secondary electrons 
given off becomes greater than the number of primary electrons 
received and as a result the third electrode loses electrons, thereby: 
supplying current to the anode instead of receiving current. 


1,387,985— Albert W. Hull, Schenectady, New York, filed 
November 13, 1916, issued August 16, 1921. Assigned to 
General Electrie Company. 


Fig. 4 Fig 2. 


NuMBER 1,387,985—Electron-discharge Device 


ELECTRON-DISCHARGE Device, which is controlled by a 
magnetic field set up about the tube. The stream of electrons 
from the cathode to the third electrode produces from the third 
electrode an emission of secondary electrons sufficiently to give 
the device a negative resistance characteristic. The variable 
magnetic field controls the stream of electrons, thereby varying 
the number of primary electrons which can reach the third 
electrode. 
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THE AVALON-LOS ANGELES RADIO TOLL CIRCUIT* 


Bx 
Lewis M. CLEMENT AND FRANCIS M. Ryan 


(RESEARCH LABORATORY OF THE AMERICAN TELEPHONE AND TELEGRAPH 
COMPANY AND THE WESTERN ELECTRIC COMPANY, INCORPORATED) 


AND 


De Loss К. MARTIN 


(AMERICAN TELEPHONE AND TELEGRAPH COMPANY) 


Since last summer it has been possible for subscribers served 
by the Bell Telephone System to call апу subseriber at Avalon, 
Santa Catalina Island, by telephone. This connection makes 
use of the Avalon-Los Angeles toll circuit with its radio link 
between Long Beach, on the mainland and Pebbly Beach, Santa 
Catalina Island, California. 

The purpose of this paper is to deseribe the svstem Silex ed 
and the apparatus which makes up the radio link, its Installation 
and some of the features of operation and maintenance. Before 
discussing the apparatus itself, it may be well to say a word about 
the location of the circuit, the need for telephone service and the 
preliminary arrangements. 

The Island terminal is located in the city of Avalon on Santa 
Catalina Island, approximately 30 miles (48 km.) off the coast 
of Southern California (See Figure 1). The population of the 
Island is concentrated at Avalon, altho there are а few people 
at Middle Ranch and others at the Isthmus. Avalon is а well- 
known summer and winter resort noted for its ideal climate, 
bathing, big game fishing, and other attractions. A view of the 
city of Avalon showing the main street is shown in Figure 2. 
The average vearly permanent population of Avalon is about 
1,000, while the population during the summer months ts probably 
between 10,000 and 15,000. 

In the past, the only means of communication was the daily 
steamer to the Island from San Pedro. In 1902 this was sup- 
plemented by a radio telegraph service, one of the first commer- 


*Received by the Editor, May 4, 1921. Presented before Tht [INSTITUTE 
or RADIO ENGINEERS, New York, May 4, 1921. 
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cial stations in the United States operated by the Pacific Wireless 
Telegraph Co.! This service was maintained with various de- 
grees of satisfaction and duration successively by the United 
Wireless Telegraph Company, Marconi Wireless Telegraph Com- 
pany of America, and at the present timeT is operated by the 
United States Naval Radio Service. 

In the past the only telephone service around the city of 


КҮТ ec T Se 
AVALON -LOS ANGELES RN 
TELEPHONE CIRCUIT ете 8200 


Ө "50 snos 


Q rtm. CENTRAL оға 


Figure 1—Avalon-Los Angeles Telephone Circuit 


IMarriott, “United States Radio Development,” PROCEEDINGS OF THE 
INSTITUTE OF RADIO ENGINEERS, June, 1917. 

t Since the preparation of this paper this service has been discontinued, 
and all telegraph trafħe to and from Avalon is handled by the simultaneous 
duplex telegraph channel mentioned at the close of this paper. 
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Avalon was given by a few private circuits including a line to 
the Isthmus. The need of the transient and permanent popula- 
tion of the Island for a more dependable means of communica- 
tion between different points on the Island and between the Island 
and the vicinity of Los Angeles lead to a real demand for telephone 
service. 


FIGURE 2—City of Avalon 


Early in May, 1920, it was estimated that it would be 
practical to establish telephone service to the mainland by mak- 
ing use of a radio telephone connecting link between the wire 
circuits which would be established on the Island and the existing 
wire circuits on the mainland. It was believed that such a 
system could be completed and be in operation by July, 1920. 

After these estimates had been carefully considered it was 
decided to start work immediately on the design and manu- 
facture of the necessary radio and wire terminal equipment, and 
at the same time to start the installation of the necessary wire 
facilities at Avalon, the latter to consist of a telephone exchange, 
pole lines, and subscribers’ terminal stations, which portion of 
the work was cared for by The Pacific Telephone and Telegraph 
Company. 

The actual design and construction of the radio apparatus 
was started on May 10, 1920. Installation and preliminary 
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tests of this equipment at the sites chosen for the stations were 
completed so that commercial service was inaugurated on July 
16, 1920, 68 days after work was started in New York. On the 
previous day an official trial was given the complete system for 
the benefit of the officials of The Pacific Telephone and Telegraph 
Company, the leading citizens of Avalon and others. Connec- 
tions were established between Avalon and Los Angeles, San 
Francisco, Chicago, and New York, so that the people who had 
gathered were given an opportunity to talk to their friends in 
these cities. Each circuit included the radio telephone link 
from the Island to Long Beach, the remainder of the circuits 
being part of the plant of the Bell system. 


DESCRIPTION OF SYSTEM 


Any radio telephone circuit which is to form a part of a com- 
mercial telephone system not only must be capable of duplex 
operation, but must allow of ready connections to ordinary two- 
wire telephone circuits. The duplex requirement was met, in the 
case of the radio portion of the Avalon-Los Angeles circuit, by 
the use of different carrier frequencies for transmitting in the 
two directions. The station at Pebbly Beach transmits a carrier 
of 750 kilocycles (wave length of 400 m.) and the one at Long 
Beach a carrier of 638 kilocycles (wave length of 470 m.). 

The problem of connecting such a radio link with two-wire 
telephone circuits at each end is similar to that of providing two- 
way operation when using one-way repeater elements such as 
mechanical repeaters or vacuum tubes. The experience ac- 
quired with such repeater circuits was directly applicable to this 
problem. The upper sketch in Figure 3 shows the circuit of the 
most usual type of two-way telephone repeater. This repeater 
circuit employs separate elements for amplifying the speech ¢ur- 
rents in the two directions. These elements are in а four-wire cir- 
cuit and connection with the two-wire circuits is made thru special 
output transformers, often called hybrid coils. These trans- 
formers, together with their associated lines and networks, form 
alternating current bridges. The networks are circuits designed 
to have, as nearly as possible, impedance characteristics identical 
with the lines thay are to balance. If the balances are perfect, 
none of the output from either of the repeaters reaches the input 
circuit of the other repeater, the output current dividing equally 
between the line and network in each case and inducing no volt- 
age in the input winding. However, if the balance is not perfect, 
as is always the case in practice, the current flowing into the line 
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is not exactly equal to that flowing into the network and some 
voltage will be induced in the input coil. This results in a 
circulating current flowing in the four-wire portion of the circuit 
thru the two repeater elements. If the transmission loss around 
this circuit 1s less than the amplification or gain in the repeaters, 
“singing” results. The precision with which the networks may 
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FiGvnE 3—Schematic Diagram of 22” and 4-wire Repeaters and Radio 
Circuit 


be made to balance the connecting lines largely determines the 
transmission loss around this circuit and in turn limits the ampli- 
fication which may be obtained with such circuits without “‘sing- 
ing." In the commercial operation of repeaters it is necessary 
to use gains very considerably below the “singing point” in order 
that speech distortion may be avoided. 

The middle sketeh in Figure 3 shows the four-wire circuit 
which is used to a considerable extent in the long-distanee cable 
circuits of the Bell plant. It is to be noted that this circuit is 
similar to that of the “22 type” repeater shown above, the four- 
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Wire portion of the circuit having been expanded and the repeater 
elements placed at suitable intervals. The balance conditions 
necessary in this circuit are similar to those in the case of the 
“22 type” repeater. 

The lower circuit in Figure 3 is of a radio telephone svstem 
which meets the requirements of duplex operation and terminal 
connection to two-wire telephone circuits. The similarity to the 
two repeater circuits described is apparent: the four-wire por- 
tion has been replaced by two one-way radio telephone channels. 
Amplification takes place not only in the repeater in this circuit, 
but also in the radio transmitter and receiver. In order that 
this circuit may be stable the total transmission loss in the two 
radio channels, and from one to the other thru the hybrid coils, 
must be greater than the total gain in the repeaters and radio 
equipment. If this condition is not fulfilled the svstem will 
“sing” around the two radio channels in a manner exactly similar 
to the “singing” in the four-wire portion of the repeater circuits. 
However, if the balance between the networks and their respec- 
tive lines is accurate enough, it is quite possible to operate such 
a system with a considerable gain in transmission or amplifica- 
tion between the two connecting wire circuits. Similar tvpes of 
circuits have already been so thoroly treated? that they will not 
be dealt with further except insofar as special problems related 
to the Avalon-Los Angeles circuit аге discussed. 


CIRCUITS 

Figure 4 shows schematically the Avalon-Los Angeles circuit 
consisting of a little more than 1 mile (1.6 km.) of wire line from 
the Avalon central office to Pebbly Beach, a 31.5 mile (50.4 km.) 
radio link to Long Beach, and 25 miles (40 km.) additional wire 
cireuit to Los Angeles. This combination wire and radio circuit 
is operated as a unit providing thru telephone and signaling from 
Avalon to Los Angeles. At Avalon the circuit may be con- 
nected with any subscriber’s line and at Los Angeles to any local 
subscriber's line thru local exchanges or with other long distance 
lines reaching practically any subscriber in the Bell System. 

The general circuit arrangement is indicated in Figure 5 
which is a schematic of the Long Beach Station. The heavy 
lines in this figure show the speech circuit and the light lines the 
signaling system. For simplicity only the principal connections 
are shown. 


*Gherardi and Jewett, “Telephone Repeaters,” ‘Transactions of the 
American Institute of Electrical Engineers,” 1919, page 1322. 
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FIGURE 4—Schematic Diagram of Avalon-Los Angeles Telephone Circuit 


Speech currents received from the Los Angeles line pass thru 
the cordless switchboard to the hybrid coil and to the network 
inducing similar currents in the input winding connected to the 
send repeater. This repeater amplifies these speech currents and 
delivers them to a low-pass filter which freely passes the principal 
speech frequencies of from 200 to 2,000 cycles, but greatly attenu- 
ates currents of frequencies higher than 2,200 cycles. Experi- 
ments have shown that only the band of frequencies from 200 
to 2,000 cycles need be transmitted to deliver commercial quality 
and readily understandable speech and therefore the use of this 
filter does not impair to any appreciable extent the quality of 
transmission. The filter serves two purposes: it prevents inter- 
fering currents of frequencies above the necessary speech range 
from entering the radio transmitter, and it makes the balancing 
of the line with a suitable network somewhat easier in that the 
balance must be effective only for frequencies below 2,200 
cycles. The output currents from the filter are delivered to 
the radio transmitter where they are further amplified and 
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employed to modulate the radio frequency carrier current there 
generated. | 

The cordless switchboard provides convenient means for 
testing and monitoring on the circuit and for connecting qvickly 
with another wire line in case of trouble in the wire portion of 
the circuit. In Figure 6 the hybrid coil, repeaters and signal 
units are shown as associated with the radio transmitter and 
receiver. All of this apparatus is mounted in the ends of a flat- 
top desk which supports the radio receiver and the cordless switch- 
board. At the rear of this desk is а battery control board provid- 
ing means for measuring and controlling filament currents as well 
as protection for both the plate and filament circuits. Alarms 
are provided which notify the attendant in case any fuse blows. 
Figure 7 is a photograph of one end of this desk showing the send 
repeater and the sending unit of the signaling system and Figure 
8 a photograph of the battery control board. 


SCHEMATIC DIAGRAM OF LONG BEACH STATION 


кор, десе 
Ыш ج‎ 
Poe 
RADO 
Eum aen ЧАШ 


FIGURE 5—Schematic Diagram of the Long Beach Station 


The send repeater (Figure 6) employs two tubes, the first, 
principally a voltage amplifier, and the second capable of deliver- 
ing a relatively greater current output. Each of these tubes 
has the speech input voltage controlled by а potentiometer and 
by means of these the repeater gain can be adjusted to a suit- 
able value, gains equivalent to more than 40 miles of standard 
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cable? being obtainable. Figure 6 also shows the electrical 
structure of the low-pass filter, the function of which has already 
been mentioned. 


- 


FIGURE 7—View of the End of the Repeater Desk 


A loop antenna is used for receiving at each of the radio 
stations of this circuit. These loops are of the solenoidal type, 
six feet (1.83 m.) square and consist of only four or five turns each. 
How this loop is associated with the receiving equipment is shown 
in Figure 6. It was mentioned that the duplex feature of opera- 
tion was attained by the use of different carrier frequencies for 
transmission in the two directions. In order to prevent, as far 
as possible, currents of the transmitting frequencies entering the 
receiver, an anti-resonant circuit adjusted to have a maximum 
impedance at the transmitting carrier frequency is included in 
the loop circuit and forms an effective filter. Figure 9 is a 
selectivity curve of the receiver showing the attenuation suf- 

The “mile of standard cable" is a convenient measure of transmission 
volume which has found extensive use in telephone engineering. 

The transmission equivalent of any circuit or apparatus is equal to the 


number of miles of standard cable which will cause an attenuation at 800 
cycles the same as that experienced by the current in the circuit in question. 
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FrcvnE 8—Rear View of Desk Showing the Battery Supply Panel 


sion band, and 


fered by currents outside of the desired transmis 


Figure 10 is a photograph of the receiver. 
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Figure 9—Selectivity Curve of the Radio Receiver 


480 


The speech frequency output currents from the radio receiver 
are amplified by the receive repeater which is similar to the send 
repeater already described and are delivered to a low-pass filter, 
the function of which is similar to that of the filter in the trans- 
mitting circuit. From the filter the speech currents flow to 
the hybrid coil, where they divide, half flowing into the network 
and half into the line. An interesting feature of the receiver is 
the provision of relays which close a buzzer alarm circuit when 
the filament of any vacuum tube fails. 


FIGURE 10—Radio Receiver 


RADIO TRANSMITTER 


The radio transmitter employs a circuit in which the oscilla- 
tions are generated directly in the antenna circuit (Figure 11). 
The modulation of the radio carrier frequency is accomplished 
by the "constant current system"* in which both oscillator and 
modulator tubes, G, in this circuit are of 50 watts rating. These 
tubes are of the coated filament type, having relatively low fila- 
` Craft and Colpitts, ‘Radio Telephony," “Transactions of the American 
Institute of Electrical Engineers,” 1919, page 305 


Heising, “Modulation in Radio elephony,” presented before THE 
INSTITUTE OF RADIO ENGINEERS, December 1, 1920. 
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ment power consumption and very constant operating charac- 
teristics. Figure 12 is a photograph of one of these power 
tubes. 
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чесне 11— Circuit Diagram of the Radio Transmitter 


Referring to Figure 11, the speech current is apphed to the 
speech amplifier tube, Æ, thru the input transformer 7-1. The 
output of this amplifier is impressed on the grid circuits of the 
two parallel modulator tubes thru the transformer T-2. The 
action of these modulator tubes is that of an amplifier and their 
output voltage is impressed on the plate circuits of the two 
oscillator tubes by means of the reactance Ls, which is common 
to the modulator and oscillator plate circuits. This modulation 
of the oscillator plate potential results in speech frequency varia- 
tion of the amplitude of the antenna current. The frequency 
of the antenna current when not modulated is nearly that corre- 
sponding to the free period of the antenna cireuit. It has been 
frequently shown? that a carrier current modulated by a single 
frequeney is aetually composed of three components, the carrier 
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frequency and two side frequencies, one of a frequency equal to 
the sum of the carrier and modulation frequency, and the other 
of the carrier minus the modulation frequency. This concep- 


FIGURE 12—View of the 50-watt Tube 


tion of the nature of a modulated carrier current is essential to 
an understanding of the many problems of a radio telephone 
system. If instead of considering modulating with a single fre- 
quency, we consider modulation by the band of voice frequencies 
from 200 to 2,000 cycles, it 1s apparent that the result will not be 
simply two frequencies other than the carrier, but two bands 
of frequencies, one above and one below the carrier. For ex- 
ample, the Pebbly Beach station transmitting a carrier of 750 
kilocycles, when modulated by speech, has the following fre- 
quencies present in the antenna circuit: 


Carrier — 750.0 kilocycles 
Upper Side Band — 750.2 to 752.0 kilocycles 
Lower Side Band — 748.0 to 749.8 kilocycles 


‘Craft and Colpitts, previous citation. 

Ryan, Tolmie, and Bach, “Multiplex Radio Жыш and Telephony,”’ 
PROCEEDINGS or THE INsTITUTE OF RADIO ENGINEERS, December, 1920, 
page 451. 
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The transmitting antenna satisfactorily passes all of these 
frequencies as none of them differ as much as 3 per cent. from 
the resonant frequency and the impedance of this circuit is nearly 
equal to its resistance over this range. 

Figures 13 and 14 are photographs of the radio transmitter 
and Figures 15 and 16 show the motor generator set and con- 
trolling switchboard supplying the plate and filament power for 
the transmitter. This motor generator set consists of 1,000 and 
12 volt direct current generators driven by an induction motor. 
The filter consisting of the series retard coils L; and shunt con- 
densers C, (Figure 11), serves the double purpose of protecting the 
1,000 volt generator from the radio frequency potentials and 
smoothing out any commutator ripple or other machine noises 
which would tend to modulate the radio carrier and result in 
objectionable noises in the subscriber's instrument. 

Two other important details of the radio transmitter circuit, 
as shown in Figure 11, are the method of obtaining and controlling 
the required negative grid potentials and the alarm provided to 
indicate failure of the oscillators. The negative grid potential 
for the speech amplifier, E, is obtained from the drop in potential 

in the upper part of the resistance R, and that for the modulator 
` tubes from the entire drop in this resistance which carries the 
space current of all the tubes in the transmitter. А time limit 
relay is provided which is controlled by the filament circuit and 
which itself controls an auxiliary negatuve grid potential which 
results from the drop of potential in Ri. This negative poten- 
tial is relatively large and results in the stopping of oscillations 
and the reduction of all space currents to а low value. This 
arrangement insures that the filaments will have reached normal 
temperature before the auxiliary grid potential is removed and 
therefore that no excessive space currents can flow during the 
period when the filaments are heating. If for any reason oscilla- 
tions cease in the antenna circuit, the oscillator grid current 
also stops flowing and the relay shown in the oscillator grid cir- 
cuit releases, actuating an alarm at the cordless switchboard. 


SIGNALING SYSTEM 


Another interesting feature of the installation and one which 
is important in completing the commercial usefulness of the 
telephone circuit is that of the signaling system. By means of 
it the signals are not only passed over the radio telephone system 
itself, but are automatically relayed at the points of junction 
with the wire circuits so that the operators at the ends of the 
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FicvnE 13—Radio Transmitter FIGURE 14—Radio Transmitter (Rear View) 


485 


thru radio-wire toll line may ring down a drop at the distant end 
of the circuit and operate a visual or audible signal. By means 
of this system, then, the thru circuit may be operated from the 
‘remote land line switchboards in a manner according with stand- 
ard wire practice. 


Figure 15—Motor Generator 


Altho the requirements of the radio portion of the signaling 
‘system are somewhat rigid, the system in use has met them very 
satisfactorily. It has proven to be reliable, reasonably rapid, © 
and free from false operation by interference from speech cur- 
rents, circuit noises, static, or interference from other radio 
stations. The system represents an adaptation of a signaling 
arrangement originally developed for use on long distance wire 
circuits. 

The manner in which the signal system is associated with 
the telephone and radio circuits is shown in Figure 6. The 
: usual 16-cycle ringirg current from the wire line actuates a relay 
which in turn controls three other relays. "These latter relays 
disconnect the receive signal urit to prevent false signals, connect 
the output of the send signal unit with the second tube of the 
send repeater and energize the send signal unit. Upon recep- 
tion of the signal impulses the relay in the output circuit of the 
receive signal unit releases and energizes another relay which 

486 


disconnects the wire line from the hybrid coil and connects it 
with a source of 16-cycle signaling current. This same relay 
connects an auxiliary network to the line terminals of the hybrid 
coil maintaining a balanced condition and preventing “singing” 
during signaling. With this arrangement it is only necessary 
for the operator at Avalon to throw the usual ringing key and a 
light appears on one of the positions of the Los Angeles toll board 
and in а similar manner Los Angeles can signal Avalon. 


FIGURE 16— Power Panel 


SELECTION OF STATION SITES 


The sites for the radio stations were selected and the antenna 
and ground systems were designed and installed while the equip- 
ment was being built in New York. The mainland end of the 
link is located at Long Beach, California, first because Long 
Beach is so located with respect to the Englewood Radio Station 
and San Pedro Harbor that the directional effect of the loop 
antenna can be used to discriminate against this station and ship 

437 


stations in San Pedro Harbor, and second because adequate 
power and telephone facilities were available at the Long Beach 
Toll Exchange. Figure 1 shows the location of the radio stations 
and the wire circuits connecting them to Los Angeles and Avalon. 
Figure 17 is a photograph of the Long Beach Toll Exchange and 
Figure 18 is a photograph of the Avalon Exchange. 
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FIGURE 17—Long Beach Exchange 


At Avalon there was no existing telephone plant and only one 
radio transmitting station, which was located practically at the 
center of the town on the water front. No site could be found 
which would at the same time satisfy wire center requirements 
and be at a reasonable distance from this spark transmitting 
station. Outside of the city proper, the only level stretch of 
ground suitable for а radio transmitter and antenna system was 
found at Pebbly Beach (Figure 19), which is about a mile and a 
quarter (2 km.) from Avalon. 


ANTENNA AND GROUND SYSTEMS 


Due to the short time available for construction purposes and 
further because it was desirable to use, as much as possible, types 
of construction already standard in telephone practice, the long- 
est telephone poles that it was possible to secure locally are used 
to support the antenna. "These poles are 90 feet (27.4 m.) long 
and are set on а special concrete and I-beam footing so that 
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advantage is taken of the full height of the masts. Figure 20 
shows the special footing supporting the pole which consists of 
four 8-inch (20.3 cm.) I-beams partly embedded in reinforced 
concrete. The I-beams are diametrically opposite each other 


Figure 18—Avalon Exchange 


with respect to the pole butt, and enough space isleft so that the 
butt of the pole will fit snugly between them. The beams are 
then drawn tightly to the pole by bolts passing thru both. This 
footing is designed to have а bending moment sufficient to sup- 
port the pole alone in а 90-mile (162 km.) an hour wind. 
The poles are also guyed in four directions with 7 strands of 
number 12 B. W. С. galvanized steel messenger cable.* These 
guys are attached to the pole at a point 15 feet (4.6 m.) from the 
top to minimize as much as possible the effect of their presence 
in the field of the antenna. Each guy is broken into three sec- 
tions by porcelain strain insulators. 

The wires of the T type antenna are supported by double 
cross arms which are bolted to the pole and have in addition а 
channel iron truss to stiffen the structure. Each antenna wire 


*Diameter of number 12 B. W. G. wire 20.109 inch 20.277 cm. 
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Ётсск® 19—View of the Pebbly Beach Radio Station 


is fastened to a long eye-bolt passing thru both cross-arms and 
secured with lock nuts. With this type of construction the ten- 
sion in each individual wire can be regulated without affecting 
the tension of the other wires. Each wire is insulated from the 


Ficure 20— View of the Special Footing for the Masts 
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cross-arms by a series of four porcelain strain insulators. Figure 
21 shows the details of the insulation and cross-arm construction 
while Figure 17 shows the completed antenna at Long Beach 
and Figure 22 the completed antenna at Pebbly Beach. The 


FIGURE 21—View of the Transmitter House, Showing the Mast and Antenna 
Construction 


advantages of this rigid type of antenna construction are its 
strength and constant electrical capacity. 

At each station a large area of buried ground conductor is 
used and in addition every piece of metal in the vicinity of the 
station is brought to ground potential. At Pebbly Beach, owing 
to a 16-foot (4.9 m.) layer of small rocks (sce Figure 21) an exten- 
sive ground system buried a few inches in the rock is installed, 
which materially reduces the resistance of the antenna circuit. 
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Figure 22— View of the Antenna System at Pebbly Beach 


INSTALLATION OF SYSTEM 


At the time the apparatus arrived from New York, the Long 
Beach antenna system was nearly completed and the power and 
telephone facilities were available. For this reason the apparatus 
was first installed and tested at Long Beach. The Avalon 
installation work was started while the houses were but partially 
completed and the installation of apparatus was practically com- 
plete when the antenna, the power, and telephone facilities were 
available. 

The transmitter, power panel, and motor generator at Long 
Beach are located in the northeast corner of the apparatus room 
(second floor) of the Toll Exchange. (Figure 23.) The storage 
batteries for the radio receiver, the charging switchboard, and the 
charging motor generator are located along the south wall while 
the radio receiver, repeater, and terminal equipment are located 
in a small room on the ‘southwest corner of the building. The 
disposition of the telephone as well as of the radio equipment 
is approximately shown on the floor plan, Figure 24. Some idea 
of the proximity of the transmitter, the antenna, and telephone 
equipment to the receiver can be gained from this figure. The 
power is supplied from the 220 volt, 3 phase, 50 cycle mains of 
the Southern California Edison Company, and no auxiliary 
power supply is available. 
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At Pebbly Beach the transmitting house is located under the 
center of the antenna system while the receiving house is one 
hundred feet (30.5 m.) away on a line perpendicular to the flat 
top of the antenna. Figure 22 shows the location of the buildings 
with respect to the antenna system and gives a general idea of 
the surrounding country. 


FIGURE 23—View of the Transmitter, Power Panel, and Motor Generator 
Installed at Long Beach 


The radio transmitter power panel and motor generator, as 
well as the storage batteries for the radio receiver and repeaters, 
charging panel, and charging motor generator, are located in the 
transmitting house. The radio receiver, loop antenna, repeaters, 
signaling and terminal equipment are located in the receiver 
house. А photograph of the apparatus in the receiving house is 
shown in Figure 25. 

All wiring between the two houses is in underground con- 
duits which have been carefully grounded. The power supply is 
obtained from the municipal plant at Avalon and the single phase 
2,200 volt leads together with three telephone lines are carried 
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Firre 24—Floor Plan of the Long Beach Exchange 


on a pole line to a point five hundred feet (153 m.) away from the 


radio station. The last pole of the line can be seen in Figure 


19 to the right of the lower center portion of the photograph. А 


l'iGvuE 25—View of Receiving Equipment at Pebbly Beach 
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conduit to the transmitting house carries the 110-220 volt power 
leads and a ten pair telephone cable enters the receiving house 
thru a separate conduit. 


SPECIAL PROBLEMS 


The Pebbly Beach-Avalon and Long Beach-Los Angeles lines 
are so short that the terminations play an important part in their 
impedance characteristics. For example, the impedance of the 
line measured at the radio station with the far end open-circuited 
is materially different than when the far end is closed thru the 
impedance of a cord circuit and an average subscriber’s loop. 
The lines terminate in jacks at the Avalon and Los Angeles 
toll boards. The cords used with these lines are specially 
equipped and never allow the lines to be opened under any 
switching condition. Figure 26 is a schematic of the circuit 
between the Pebbly Beach radio station and the Avalon 
exchange and shows а cord circuit, the dispatch operator's 
set, and the special circuits to maintain the balance of the line 
and network. 

The network at the Pebbly Beach station is of such an im- 
pedance that it balances the line, a cord circuit, and an average 
subscriber’s loop. The special circuit is so arranged that a net- 
work which simulates a cord circuit and an average subscriber’s 
loop is always bridged on the line except when the connecting 
cord is plugged into a subscriber’s jack and his receiver is off the 
hook. The network is controlled by the supervisory relay in 
the cord circuit and extra contacts on the line jack. A dispatch 
operator's set is permanently connected to the line and is provided 
with a high impedance monitoring connection which has little 
effect on balance or transmission of the circuit. This arrange- 
ment maintains the balance with sufficient accuracy to allow the 
circuit between the wire terminals at Pebbly Beach and the 
wire line at Long Beach to work at a net gain of more than 5 
miles of standard cable. 

Excessive cross talk between the transmitter and the receiver 
is prevented by carefully shielding all of the filament and plate 
battery leads and providing large by-pass condensers. This 
prevents such radio frequency currents as may be induced in the 
filament leads from entering the receiver and producing ob- 
jectionable cross talk between the sending and receiving chan- 
nels, which may cause local singing. 

Noises due to telephone apparatus in the exchange, such as 
ringing machines, telephone relays, and so on, are eliminated by 
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shunting cach troublesome contact with a condenser and series. 
resistance of the proper electrical constants. 

Commutator ripple from the charging generator and a noise 
due to the intermittent grounding of the radio induction on the 
charging leads thru the commutator are entirely prevented by 
connecting a retard coil in series with the charging lead to the 
battery and draining off the radio frequency induced currents by 
connecting two condensers across the commutator and ground- 
ing the mid-point. 


QUALITY OF SERVICE 

Since this circuit is the only telephone channel between the 
Island and the Mainland, it was very heavily over-loaded from 
the day of opening until the cessation of the summer tourist 
traffic in the latter part of September. Due to the methods 
employed, the high grade circuit, and so on, a great deal more 
traffic is handled over this circuit than is generally handled by a 
single toll line. 

A record of all of the interruptions to service is kept at both 
of the stations together with the cause of the delay, its duration, 
and other information. It is interesting to note that altho the 
circuit was open to commercial service during the worst of the 
static season, subscribers had but little or no difficulty in using 
the circuit. Transmitting frequencies of 750 and 638 kilocycles 
(400 and 470 meters) were chosen for the stations after an exten- 
sive survey of the ether, so that the telephone would cause least 
interference to and be interfered with the least by radio stations 
in the vicinity. Some trouble was experienced from the Avalon 
spark station located about one mile from the receiving station 
at Pebbly Beach. This station employed a transmitting fre- 
quency of 1,000 kilocycles (300 meters) while the Pebbly Beach 
station had its receiving apparatus tuned to receive 638 kilo- 
cycles (470 meters). Upon investigation it proved that the 
logarithmic decrement of the Avalon station greatly exceeded 
0.3. When the decrement is kept below 0.2 little or no trouble 
is experienced from this station. 

The cireuit, due to the choice of sites, directional characteris- 
tics of the loop antennas, and selectivity of the radio receivers, 
is quite free from interference and it is only occasionally that an 
interfering spark signal is heard. The harmonics from the 
Poulsen ares installed at the Naval Radio Stations at San Diego 
and Englewood, California, have given rise to some trouble. If 
the arc harmonic beats with the radio carrier and side frequencies 
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of the radio telephone station ateither an audible or nearly audible 
rate, the quality of the speech over the circuit may be affected 
materially. This is in effect the same result which obtains when 
speech signals are received on an ordinary heterodyne receiver 
when the local oscillator is not adjusted to the same frequency 
as that of the transmitter. Altho this trouble can be eliminated 
as soon as it is discovered by shifting the carrier frequency of the 
radio telephone transmitter a few thousand cycles, it is obvious 
that in the future, when many stations may be expected to be 
operating, this difficulty must be eliminated in a more rational 
manner. 


MAINTENANCE 


The circuit is in operation sixteen hours per day, which covers 
the period 6:30 A.M. to 10:30 P.M. The largest items in the 
maintenance charges of a radio telephone and telegraph system 
are personnel, tube renewals, and power. The radio attendants 
play no part in the actual handling of traffic, but look after the 
maintenance of the equipment in the same way that a wire 
repeater attendant maintains the repeater equipment. It may 
be mentioned in this place that it is not necessary frequently to 
change the adjustments of the tuned circuits of either the trans- 
mitter or receiver. 


SEPARATE AUXILIARY RECEIVER 


A receiver capable of receiving signals on 500 kilocycles (600 
meters wave length) is installed at Long Beach. The flagpole on 
the exchange, which is approximately thirty feet (9.2 m.) from 
the transmitting antenna, supports а single wire vertical antenna. 
An anti-resonant circuit tuned to the local transmitter frequency 
15 connected in series with the antenna lead. This receiver 
using a detector and two-stage amplifier makes it possible to 
recelve signals of all frequencies except a narrow band near 
the local transmitting frequency of 638 kilocycles. 


TRANSMISSION MEASUREMENTS 
The transmission equivalent of the circuit from the wire 
line at Pebbly Beach to the wire line at Long Beach has been 
studied by employing methods and apparatus in general use in 
the Bell plant. The apparatus employed was the same as that 
used when it is desired to measure the equivalent of a wire tele- 
phone toll circuit. Figure 27 shows schematically the circuit 
and apparatus used in making these measurements. At each 
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radio station the wire line was disconnected and the line network 
replaced by a 600 ohm resistance which insured a balance with 
the sending and receiving measuring units which were substituted 
for the lines. At each station a calibrated variable frequency 
oscillator was provided which delivered a current measured by a 
thermocouple milliammeter to a 600 ohm network. At Pebbly 
Beach this network was connected to the line terminals of the 
hybrid coil. At Long Beach a unit consisting of an amplifier 
and rectifier with its meter provided means of indicating like 
strength of measuring current. In addition to this equipment 
two artificial lines were provided, one having a fixed attenuation 
and the other being variable. The measurement of the trans- 
mission equivalent was made in two operations. In the first 
of these the oscillator at Long Beach was connected to the 
indicating unit thru the fixed artificial line and the frequency 
of the oscillator adjusted to the desired value. The oscillator 
output current (as indicated by the thermocouple milliammeter) 
is then adjusted to a suitable value and the potentiometer at the 
input of the indicating unit adjusted to give a convenient value 
of rectified current. The second operation consisted of connect- 
ing the indicating unit thru the variable artificial line to the line 
terminals of the hybrid coil and at Pebbly Beach adjusting the os- 
cillator to deliver exactly the same current and the same frequency 
as the Long Beach oscillator. The variable artificialline was then 
adjusted until the rectified current in the indicating unit was the 
same as that obtained during the first operation. It is then 
apparent that the transmission equivalent of the circuit from the 
oscillator used to the indicating unit was the same for each opera- 
tion as similar oscillator outputs delivered equal inputs to the 
indicating unit. In the first case this circuit was simply the fixed 
artificial line and in the second it was the radio link plus the 
variable artificial line. The transmission equivalent of the radio 
link is therefore the equivalent of the fixed artificial line minus 
that of the variable artificial line. The apparatus was so ar- 
ranged that the desired transmission equivalent could be read 
directly. It is to be noted that in case the equivalent of the 
variable line exceeds that of the fixed line the transmission equiva- 
lent of the circuit 18 а negative value, indicating a gain in trans- 
mission. "This was the case with the radio link. 

Transmission measurements were made at two different 
times between the two stations to determine the variation in 
transmission from hour to hour thruout the twenty-four hours. 
Figure 28 is a curve showing the results of one of these tests. 
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The maximum variation from the mean is seen {о be only two 
miles of cable which ordinarily is not noticeable to the 
average person. Most of this variation, it is believed, was due to 
variation of voltage at the stations beyond the control of the 
observers. The transmission between the two radio stations 
is therefore, practically the same thruout the twenty-four hours 
of the day, as was to be expected for such a short radio link. 
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Ficure 28—24-hour Transmission Run, Showing Hourly Variation in Trans- 
mission 


FREQUENCY TRANSMISSION CHARACTERISTIC 


In order to study quantitatively the ability of the circuit to 
transmit good quality speech, a frequency transmission character- 
tic of the circuit was taken. This was accomplished by meas- 
uring the equivalent of the circuit in miles of standard cable for 
several different frequencies between 250 and 2,400 cycles per 
second. Figure 29 is such a characteristic of the circuit between 
Pebbly Beach and Long Beach with reception done at Long 
Beach and shows that the frequency transmission characteristic 
is reasonably flat. 

The effect of the filters is clearly shown by the sharp bend 
of the characteristic at about 2,000 cycles. The lower frequen- 
cies in the speech range are responsible for the naturalness of a 
speaker’s voice while the higher frequencies contribute toward 
the understandability. 
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Есове 29—Frequency Transmission Characteristic 


GENERAL CONSIDERATIONS 

The large amount of commercial traffic which the Avalon- 
Los Angeles Toll Circuit has handled every day since July 16, 
1920, is ample proof of the practicability of operating toll cir- 
cuits containing radio telephone links. 

The volume of speech and the quality of transmission are 
such as to allow of satisfactory connections to the longer telephone 
circuits of the Bell System. This is quite aptly illustrated by а 
connection which was established between the steamship 
Gloucester on the Atlantic Ocean and Avalon, Santa Catalina 
Island. Starting from the ship the following circuits were used: 


(a) Steamship Gloucester to Deal Beach, New Jersey, 
via radio. 


(b) Deal Beach to New York, via telephone line. 

(c) New York to San Francisco, via trans-continental tele- 
phone line. 

(d) San Francisco to Los Angeles, via telephone line. 

(e) Los Angeles to Avalon, thru the Long Beach and Pebbly 
Beach radio equipments. 

Figure 30 is a map showing the route taken by the various 
sections of the line showing the repeater and radio stations which 
enabled the conversation to be carried on. The success of such a 
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conversation naturally depends, not only on the transmission over 
the radio, but over the far greater wire portion of the circuit. 

In addition to the telephone facilities described an experi- 
mental duplex telegraph channel was installed operating simul- 
taneously with the telephone. This telegraph channel makes 
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FIGURE 30—Trans-continental Line with Radio Extensions to a Ship 
and Avalon 


use of the ordinary Morse instruments and may form а part of 
any thru line telegraph circuit. Experimentally, this circuit has 
been operated in conjunction with existing telegraph circuits to 
give thru duplex telegraph connection between Avalon and San 
Francisco, California. 


SUMMARY: The communication facilities of Santa Catalina Island are 
described with special reference to the radio telephone service to the Cali- 
fornian mainland and the mode of connection to the wire telephone networks 
at the ends of the radio telephone channel. The radio telephone link is full 
duplex, and is connected thru special two-way repeaters to the telephone sys- 
tem at each end. А simultaneous duplex radio telegraph channel is available. 
А number of special points are discussed, such as the narrowing, by means of 
filters, of the side frequency bands due to modulation, the circuits of the 
transmitter and receiver, automatic alarm systems indicating when any por- 
tion of the radio equipment ceases to function, thru signaling system, loca- 
tion, and antenna and ground arrangements. The service rendered is ana- 
lyzed and the results of transmission measurements are given. 
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A VISUAL AND PHOTOGRAPHIC DEVICE FOR RECORD- 
ING RADIO SIGNALS* 


By 
CHARLES A. HoxiE 


(GENERAL ELECTRIC COMPANY, SCHENECTADY, NEW YORK) 


Altho the instrument here described is, as 16 stands today 
in its latest form, particularly adapted to the recording of radio 
signals at high speed, the recording or high-speed features were 
not considered when the work was begun. The first model was 
designed and built to produce a device that would enable the 
signals to be seen instead of being read by ear in the ordinary 
way by means of the telephone. The main reason for this devel- 
opment was the fact that in the early attempts to equip air- 
planes for radio reception, difficulty was experienced in hearing 
the signals. 

It was thought that if the eve could be substituted for the 
‘ar, much better results could be obtained, and in order to do 
this suecessfully, it was decided. that the instrument should 
possess the following characteristics: 


1. It should be sufficiently sensitive to record a signal 
of a strength equal to that required for ordinary 
telephone reception. 

2. The action should be quick enough to record clearly 
the dots and dashes when received at a maximum 
speed of approximately 12 or 15 words per minute. 

3. It must operate equally well in any position. 

4. It should be of rugged construction. 

5. It should not easily be put out of adjustment. 

6. It should be selective, so as to pick out and record 

only the signals desired. 

It should not respond to impulses such as are caused 

by atmospheric disturbances (static), tube noises, 
and so on. 


~] 
. 


In order to meet all of these requirements it was necessary 


*Received by the Editor, March 28, 1921. Presented before THE In- 
STITUTE OF Клоо ENGINEERS, New York, September 7, 1921. 
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to construct a special type of instrument. The galvanometer, 
as first constructed, consisted of a thin strip of iron stretched 
between the poles of two permanent magnets. Coils of wire 
were placed around the poles of the magnets, the terminals of 
which led to the receiving set. A small shaft mounted in jewels 
and free to turn on its axix, carrying a smal] mirror, was connected 
by means of a wire to the strip of iron, or vibrator. 

When a current due to the receiving signal traversed the 
coils, the vibrating strip of iron moved to and fro between the poles 
of the magnet, thereby causing the shaft to rotate thru a very 
small angle which in turn vibrated the mirror. A beam of light 
from a lamp having a single straight filament was allowed to 
fall on this mirror, and an image of the filament, by means of a 
spherical lens just in front of the mirror, was projected on to a 
surface of ground glass. When no signals were being recorded, 
a single light line was visible on the ground glass. When a dot 
or dash caused the mirror to vibrate, the line would apparently be- 
come broad, due to the very rapid vibration of the mirror. The 
line becoming broad for a short time represented a dot and for a 
relatively long time, a dash. In this manner signals could be read. 

This first galvanometer required a signal that would be con- 
sidered fairly strong for telephone reception in order to produce 
a readable deflection. The action was quick enough for speeds 
up to approximately 30 words per minute. It could be held in 
any position without interfering with its operation, the small 
mass of the shaft and mirror being held firmly in position by the 
connecting wire, to the vibrating reed, the mirror being affected 
only by the very minute and rapid vibration of the iron strip. 
This also tended to make the instrument very rugged. It could 
even be shipped by express without danger of being put out of 
adjustment. It had a natural period of approximately 1,000 
cycles, and was sensitive only when the frequency of the incom- 
ing signal accurately corresponded to the natural period of the 
galvanometer. Two or three per cent above or below this fre- 
quency reduced the deflection to zero unless the signal was 
abnormally strong. 

Means were provided for varying this period from about 
800 to 1,200 cycles, by putting more or less tension on the vibra- 
ting strip. The most important of its characteristics, however, 
was the fact that it did not respond readily to atmospheric dis- 
turbances or to the ordinary tube noises so frequently present in 
the average type of amplifiers. Figure 1 is a photograph of 
the first model constructed. 
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FicuRE 1—First Model of Galvanometer for Visual Reception 


A summary of its characteristics show, then, that the require- 
ments regarded as necessary for successful operation, were met, 
except that in the first and seventh, there was chance for im- 
provement. Taking them in the order given: 


1. It was fairly sensitive. 

2. The action was sufficiently quick to meet the re- 
quirements. 

. It was not affected by position. 

. It was rugged. 

. It was not easily put out of adjustment. 

. It was selective. 

. It did not respond readily to static impulses, and 
SO оп. 
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A second instrument was then built for visual reception, a 
photograph of which is shown below (See Figure 2). The size 
of this instrument was approximately 8 inches (20.3 cm.) wide, 
6 inches (15.2 ст.) deep, 22 inches (55.9 cm.) long. It could 
either be held in the arms while reading the signals, or sup- 
ported otherwise at will. A hood projected over the ground 
glass, on which the beam of light was projected, in order more 
easily to see the signals. An enlarged view of this galvanometer 
is shown in Figure 3. Signals could be easily read by the vis- 
ual method up to about 15 words per minute, but it was very 
trying to the eyes to read steadily for any great length of time, 
and for this reason it was believed to be impractical. 
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It was then decided to develop an instrument that would 
photographically record the signals. Within the next year, 
models of three different types were constructed; and after 
giving a brief description of these, I shall describe at length a later 
type of which several have been made and are now in use in 
various trans-Atlantic receiving stations. 


Figure 2—Model of Instrument for Visual Reception 


The first recorder constructed was designed to receive signals 
at a speed not greater than 25 words per minute. 

The photographic record was obtained by projecting the 
image of a straight filament lamp from the mirror of the gal- 
vanometer onto a cylindrical lens and focused by the same 
mirror to a small dot of light on a specially prepared sensitized 
paper tape. When the mirror was sct into vibration by the 
incoming signal, this spot of light moved rapidly back and forth 
across the tape, its width of vibration depending on the strength 
of the signal. As the tape was moved across the point of expos- 
ure, the rapid vibration of the light resulted in the dots and dashes 
appearing as solid blocks. Figure 4 is a photograph of the first 
model constructed for photographically recording radio signals. 
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By means of a spring motor connected with suitable gears and 
friction pulleys, the tape was made to move not only past the 
point of exposure, but thru a tube of developing solution, and 
then thru a tube containing the fixing bath, from which it passed 
into the receiving basket. 


FIGURE 3—Galvanometer Used in Completed Model for Visual Reception 


In this model, a second mirror was mounted on the shaft at 
a slightly different angle from the other, so that an image of the 
lamp filament could also be projected on a ground glass, thus 
permitting the operator to adjust the instrument properly and 
supervise its operation. A pair of telephones were also attached 
so that it was also possible to hear the signals. Means were pro- 
vided for using rolls containing 200 feet (61 m.) of tape each. 
upon which about 2.000 words could be recorded. A special 
sensitized paper tape was used, which was very sensitive and 
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capable of being developed in less than 15 minute, by using а 


special developing solution. 


Figure 5 shows the arrangement of the galvanometer and 
the lighting system. 

Figure 6 is a view of the galvanometer used in this instru- 
ment, in which are shown the two mirrors and the adjusting 
mechanism. In order to show the remarkable selectivity of this 
instrument the following experiment was made. 


Figure 4—Photographic Recording Device for Radio 
Telegraphic Signals—Front View 


Two separate messages were impressed upon the receiving 
circuit simultaneously from two different sources. One was at 
an audio frequency of 1,000 cycles and the other at 1,025 cycles. 
While these messages were coming in, the instrument was first 
tuned to 1,009 cycles and a portion of one message recorded; it 
was then tuned to 1,025 cycles and a portion of the other message 
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recorded. It is obvious that if two instruments had been avail- 
able both of these messages could have been received at the same 
time. Figure 7 is a reproduction of these signals and shows no 
interference between the two messages. When listening by 
means of a telephone, it was impossible to separate one from the 
other. 


hictre 5 — Photographie Recording 

Device for Radio Telegraph Signals— 

Showing Vibrating Unit Mounted in 
Box 
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Altho the instrument just described was very selective and 
well adapted to record signals under conditions for which it 
was designed, it was not suitable for recording the weak signals 
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FIGURE 6—Vibrating Unit Used in Photographic Recording Device for Radio 
Telegraphic Signals—Front View 


coupled with the static ratio that is generally encountered in 
trans-Atlantic reception. This was made apparent while making 
a demonstration with the model just described at the Bureau of 
Standards, Washington, D. C., in the presence of radio experts 


MULTIPLEX FRE CEPT 70 
darum dro messages post Li 


có mp rt 


nent o— _*‚ —ÁÓ ee = — —— M o o o 


it Aha = ^ ~ 


FIGURE 7 
51 


of the Army and Navy. At this time messages were successfully 
recorded from several radio stations, but when an attempt was 
made to record signals from across the Atlantic it was found that 
the static interference was sufficient to render a large part of 
the record unreadable. 

Steps were then taken to improve the instrument by making 
it more sensitive and less affected by static or strays. 

In order to make the instrument more sensitive, the small 
shaft carrying the mirror was re-designed so as to eliminate the 
lost motion at the terminals of the shaft where they entered 
the jewels. This was done by constructing a shaft with a knife 
edge running its entire length, on which the mirror was mounted. 
This edge fitted into the apex formed by placing two rectangularly 
shaped jewels at right angles to each other, the shaft being held 
firmly in this position by the action of a small magnet. The 
thick side of the shaft was connected to the reed by means of 
a wire, the vibrations of the reed causing it to rock to and fro. 
Only one mirror was cemented to the shaft, an extra lamp being 
provided to produce the other image. Figure 8 shows the 
details of this construction. 


FIGURE 8—Showing Construction of the Vibrating Element 


It was found also by changing the coils so as to encompass 
the vibrating strip instead of being wound around the pole 
pieces as in the type previously described, that greater sensitivity 
could be obtained. Figure 9 shows this construction. The 
galvanometer was placed at double the distance from the sensi- 
tized tape, which also produced the effect of increasing its sensi- 
tivity two-fold. In fact, the total increase in sensitivity in this 
model over the first was at least ten times. A signal which can 
be said to have an audibility of about 40 can be easily recorded. 
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КтасвкЕ 9—Vibrating Unit Used in Photographic Recording Device for Radio 
Telegraphic Signals—Back View 


The problem left unsolved was simply to make the changes 
necessary to prevent its responding to static or strays and still to 
be left sensitive to signal impulses. 

After reading my discussion on Dr. Austin’s paper* in which 
I submitted several sample records of static made with my 
recorder, I am afraid I shall have difficulty in persuading the read- 
ers of this paper that I was very successful, but I can assure 
them that altho static conditions can still be such as to render 
the record unreadable, a considerable improvement was made. 
As stated before, the galvanometer, when tuned to 1,000 cycles, 
did not readily respond to static or strays, but it was found by 
experiment that when the natural period of the vibrator was 
above 1,500 cycles, the tendency to respond to static impulses 
was much less. This is very clearly shown in Figure 10. This 
figure shows signals recorded under exactly the same conditions 
except that the natural periods of the vibrator is adjusted first 
to 1,200 cycles, then to 1,500 cycles, and finally to 2,000 cycles. 

* PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, volume 8, 
number 5, October, 1920, page 408. 
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The 1,200 record was unreadable because of the interference 
by static, but no interference whatever can be seen when tuned 
to 2,000 cycles. It was also found by experiment that less static 
was recorded if a closed electrical circuit containing inductance 
and capacitance, commonly called a tone or frequency trap, 
and accurately tuned to the natural period of the vibrating reed 
was connected in parallel with the galvanometer. A great deal, 


Variation Of State Lffect Wits 
Naluraf Pernod of Vibrator 
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however, depended on the construction of the tone trap. It was 
found that in order to prevent a decrease in signal and otherwise 
to obtain the best results, the capacitance should not exceed one 
or two-tenths of a microfarad for a frequency of 2,000, and also 
that the resistance of the inductance circuit should not be more 
than 40 ohms. 

An instrument embodying these improvements, also designed 
to record at à maximum speed of about 35 words per minute, 
was then constructed, a small electric motor being used to pull 
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the tape thru the machine. Figure 11 is a photograph of this 
model. With this instrument messages were successfully re- 
corded at the then Naval Radio Station of Belmar from Nauen, 
Germany; Lyons, France; Carnarvon, England; Rome, Italy; 
San Diego, California; Pearl Harbor, Honolulu; and several 
other points. 


Figure 11—Second Model of Photo- 
graphic Recorder 


If my memory serves me right, it was during the year of 
1899 that my attention was called to the art of ‘‘wireless’’ teleg- 
raphy by reading in the “Scientific American," a description of 
the first demonstration conducted by Mr. Marconi in this 
country, when he reported the result of the International Yacht 
Races off Sandy Hook. 

At that time, and for a considerable time afterward, the dots 
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and dashes were recorded on a paper tape. In this respect a 
similarity exists between Marconi’s apparatus and the one here 
described. It did not, however, meet the present day require- 
ments of speed. 

Just why it was not practical to record at a speed greater 
than 12 or 15 words per minute with the apparatus used by 
Marconi, was very forcefully impressed upon me during the 
ensuing year while trying to duplicate the achievement with the 
limited means at my command. It was very easy to set a bell 
to ringing or even to adjust the coherer to obtain single taps, 
but perhaps there are some who can remember how easy it was 
to record the dots and how hard it was to adjust the system so 
that a dash did not look like a series of dots. The mere fact 
that the armature of the recording relay had a considerable mass 
prevented it from responding to the rapid action of the deco- 
hering hammer, and placed a low limit on the speed of reception. 
A little later the auto-coherer, and electrolytic and crystal de- 
tectors came into use making reception possible by telephone 
and thereby increasing not only the speed of reception, but the 
range of transmission. Under these conditions from 25 to 30 
words per minute could be received. By using later types of 
keys and automatic devices the speed of transmission again 
exceeded that of reception, so then it was again a problem for 
the engineers to design a receiving device to meet the require- 
ments. 

In the early days of radio, the main question was not so much 
the speed at which a station could transmit, as it was the dis- 
tance to which the messages could be transmitted. Now that 
we are able to send round the world, if necessary, the principal 
thing that concerns us 1s how many words or letters can be 
transmitted and received accurately per minute. 

While in the photographic recorder previously described, 
the depth of the tubes containing the developer and fixing bath, 
the tape driving system, and the small candle power of the light 
used, limited the recording speed of this instrument to about 
35 words per minute, the galvanometer itself was capable of 
recording several hundred words per minute. This feature will 
be referred to in another part of this paper. 

The next model constructed was by far the longest step 
taken toward the development of a practical machine for com- 
mercial use. I will omit a detailed description of this instru- 
ment, except to say that it was designed to record at least 200 
words per minute, and the tape, besides being simply developed 
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and fixed, was also washed and dried before leaving the machine. 
The roll contained 1,000 feet (305 m.) instead of 200 feet (61 m.) 
of tape, thus permitting over 10,000 words to be recorded with- 
out re-loading. This model was taken to the Navel Radio Station 
at Otter Cliffs, Bar Harbor, Maine, in order to test the oper- 
ation of the instrument when used in actual commercial service 
and for the purpose of receiving from European stations at high 
speed. It was soon made very apparent, however, that the words 
“high speed" did not mean 200 words per minute to the radio 
operators in Europe; even 100 was considerably beyond their 
limit. By repeated tests and numerous adjustments of the 
sending relay, it was found practical for the station at Lyons, 
France, to transmit at a speed of about 50 words per minute. 
This was, at least, considerably better than 20, the average speed 
of ear reception. 

During the winter of 1918 and 1919 the traffic from Lyons 
was quite heavy; and 3,000 to 12,000 words daily, at approxi- 
mately 50 words per minute, were recorded with this model. 

An instrument was then designed for commercial use, of 
which several were made and are now in use at several trans- 
Atlantic receiving stations. Figure 12 is a photograph of this 
instrument. 

These machines are capable of recording signals at a maxi- 
mum speed of 200 words per minute, but during a series of special 
tests, over a distance of a few miles, satisfactory results were ob- 
tained at 250 words per minute. The speed of reception in this case 
was not limited by the galvanometer action, but by the time neces- 
sary for development, fixing, washing, and so on. "There are four 
tubes shown in this figure of about 5 feet (1.53 m.) inlength each, 
the first one at the right containing developer, the next the hypo 
solution, the third running water, and the last the drying tube. 
In order for the tape to be sufficiently developed, fixed, washed, 
and dried, at the maximum speed of reception, it is necessary 
for it to pass to the bottom of the tube. Figure 13 shows dia- 
grammatically the method of exposure and the manner in which 
the tape is fed thru the machine. Arrangements are made 
whereby the pulleys a), a», аз, and а; can be made to enter the 
tubes automatically to any desired depth, this depth depending 
upon the speed at which the signals are being recorded. In 
order to facilitate the threading of the tape, the traveling pulleys 
can be raised to the top of the tubes. "The driving pulley at (b) 
causes the tape to move across the point of exposure at (c); it is 
then pulled by means of the friction clutch pulley at (d) thru 
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the rest of the system. The mirror (е) permits the record to be 
inspected as it leaves the hypo bath. The roller (f) removes 
the surplus water in order to facilitate the drying of the tape. 
(d) is a blower by which air is driven over a heated coil (1) up 
thru the tube, thus drying the paper before entering the basket. 


Fisvre 12—Visual and Photographic Receiving Device—Front View 


Figure 14 is a diagrammatic view of the way in which the 
traveling pulleys are moved up or down in the tubes and also 
the method by which their depth is automatically determined. 

Referring again to Figure 12, these four pulleys are clearly 
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seen at the top of the instrument. The control relays are shown 
near the drying tube. The driving motor is shown just above 
the roll holder. The speed of this motor can be controlled by 
the rheostat located on the power panel below. Besides this 
control, arrangements are provided for three speeds by means of 
suitable gears—the control lever being shown at the top and 


near the right of the instrument. This permits the tape feed 
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FicurE 13—Showing Diagrammatically How Tape Is Fed „Гһги 
Machine 


to be regulated so that the proper amount of space is given to 
each letter whether recording at normal rate or at the maximum 
speed of reception. Rolls of tape having a standard length of 
1,000 feet (305 m.) are used, the holder being located just below 
the motor. An indicating device is provided to show the amount 
of tape in the holder. On the radio panel, located at the upper 
right hand corner, is located a condenser which is in parallel 
with the oscillator condenser and is for the purpose of controlling 
the audio frequency necessary for the proper operation of the 
galvanometer, the standard frequency adopted being 2,000 
cycles. On this panel a telegraph key also is located by which 
any desired notation may be made on the edge of the tape, thru 
which the beam of light is projected on to its edge, resulting in 

dots or dashes, depending upon the opcration of the key. An 

example of this will be shown later. On this panel are also located 

the binding posts to which a telephone is connected in order that 
the signal being recorded may also be heard. 
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As before described, the vibration of the galvanometer may 
be noted by means of an image of a light filament projected on 
to a panel of ground glass. The opening thru which this line 
of light is observed is located at the upper extreme right hand 
corner of the picture. Not only does this give the operator an 
opportunity to note the character of the signals being recorded, 
but it also enables him to make the proper adjustments as to 
frequency, position on tape, and so on. 


FIGURE 14—Diagram of Depth Control System 


Figure 15 is a rear view of the instrument. In this picture, 
the glass gauges are shown by means of which the height of the 
solution in the tubes is indicated. The portion at the top, show- 
ing the controlling magnets and other gear, is protected by a 
suitable covering case, when the machine is in operation. 
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Figure 16 is a diagram showing the relative position of the 
reading and observation lamp and the galvanometer. The 
galvanometer as finally designed and built was considerably 
more massive than the former types. This made it less liable 
to get out of adjustment, and in general more stable and less 
sensitive to extraneous vibrations. Figure 17 is a photograph 
of the instrument as it appears when in use. It is protected 
with a dust-proof covering case. The high rate of speed at 


Figure 15—Visual and Photographic Receiving Device—Back V ew 
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Fictre 16—Diagram Showing Relation Between Lighting System and 
Galvanometer 


which the galvanometer is capable of recording is perhaps the 
most spectacular feature of the instrument, even tho it may not 
be the most important. Laboratory tests have shown that it 
will record successfully as high as 600 words per minute. In 
fact, even higher speeds have been obtained. It is somewhat 


FIGURE 17—Galvanometer for Visual and Photographic Recorder 
(Asse ed View) 


interesting to note the action of the galvanometer when recording 
100 words per minute (see Figure 18). In order to check the 
speed at which these signals are received, the following calcula- 
tions can be made: 50 units equal an average word at 5 etters 
in the Continental Code. A dot equals one unit at 100 words 
per minute. 5,000 units equal 1 minute, or 83.4 units per second. 

The galvanometer reed vibrates at 2,000 cycles per minute. 
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2,000 divided by 83.4 equals 24, and if we should take the trouble 
to count the vibrations in the dots here shown, we would find 
them equal to 2-4. 
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The principal item of interest connected with this picture 
however, is the fact that only 4 cycles are necessary for the signal 
to reach full amplitude. This means that the speed of the 
incoming signal can be increased to 500 words per minute and 
still be perfectly recorded. The lower line shows the signals as 
they appear on the tape in the regular way. Figure 19 shows 
high speed signals from 300 to 600 words per minute. It is 
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needless to хау that these signals were produced in the laboratory 
within a few feet of the machine, but serve to show that the 
instrument would record satisfactorily at these speeds. Figure 
20 shows records made by actual radio signals sent at high speed. 
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The two first records made were transmitted by the Alexanderson 
alternator from New Brunswick, New Jersey at 100 and 115 
words per minute, respectively, and recorded in the General 
Eleetrie Company's. Laboratory at Schenectady, New York. 
The third record shown was also recorded in the laboratory from 
ял power station about three miles away (5 km.) at 250 words 
per minute. The lower record is made simply to show the 
appearance of the notations on the edge of the tape, made by 
means of the key on the radio panel of the machine as previously 
desertbed, 

One of these instruments has been in use in the Navel Radio 
Station at Otter Cliffs. Bar Harbor, Maine, for the past three 
vears. During one of my visits within the past year or so, more 
than 100,000 letters or the equivalent of 20.000 five-letter words 
were recorded from Norway within a period of twelve hours at 
an average rate of 60 words per minute. 

The lower portion of Figure 21 is a photograph of a piece of 
the record taken that day. 

All the messages taken during the entire run were complete, 
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and no repeats were necessary. The upper record in the figure 
is a part of a message from Nauen, Germany. Figure 22 is a 
photograph of several records made at the Otter Cliffs Station. 

In Figure 23 is shown the way in which the recorder is ordin- 
arily connected to the receiving system. The correct pitch or 
note is obtained by varying the heterodyne or local oscillator 
until the maximum amplitude of vibration is obtained. 


Tone Trap 


Ficure 23— Diagram Showing Manner in Which Recorder Is Connected to 
the Receiving System 


SUMMARY: The development of a visual and photographic recorder of the 
tuned vibrator type is described. The most recent forms of the instrument, 
together with its receiving speed possibilities and behavior toward stray dis- 
turbances, are discussed. 


DIGEST OF UNITED STATES PATENTS RELATING TO 
RADIO TELEGRAPHY AND TELEPHON Y* 


IssvED AvGvsT 23, 1921—OcTOBER 25, 1921 


By 
Joun B. BRADY 


(PATENT LAWYER, OURAY BUILDING, WASHINGTON, D. С.) 


The object of this section in the PROCEEDINGS ОЕ THE 
INSTITUTE OF RADIO ENGINEERS is to make available in con- 
venient form for research engineers and others interested, brief 
information on radio patents which are issued each week by the 
Patent Office. The rapid developments in this art emphasize 
the importance of radio research engineers being familiar with 
patent literature, to eliminate, as far as possible, the duplication 
of effort in research. It is not the purpose of this section to 
explain radio inventions fully, but merely to indicate the general 
nature of the patents in order that those of particular interest 
to individuals concerned with certain problems may be selected, 
and complete copies of the patents obtained for study. Copies 
of the patents may be secured at ten cents each by communi- 
cating with the Commissioner of Patents, Washington, D. C. 


1,387,885— William R. Davis, of Minneapolis, Minnesota, issued 
August 16, 1921, filled March 9, 1918. Assigned to The 
William Hood Dunwoody Industrial Institute. 


RADIO SIGNALING APPARATUS for the teaching of radio signals 
to students in a classroom. The equipment comprises an in- 
duetor which is rotatably driven adjacent to a plurality of mag- 
nets connected in separate transmitter and receiver circuits for 
use by individual students or groups of students. By varying 
the speed of the inductor, different frequencies of signals may be 
obtained to assimilate the conditions in radio reception. 


1,388,336— Earl C. Hanson, of Washington, District of Colum. 
bia, filed February 25, 1919, issued August 23, 1921. 

*Received by the Editor, November 7, 1921. While great care has been 
taken in the preparation of these Digests, THE INSTITUTE OF RADIO ENGINEERS 


assumes no responsibility for their correctness or completeness, or for possible 
omissions of particular patents.—EDITOR. 
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fig 4 
NUMBER 1,388,336—Underground and 
Submarine Antenna 


UNDERGROUND AND SUBMARINE ANTENNA, wherein the an- 
tennas are formed by a pair of extended inductances connected 
to radio signaling apparatus. The inductances are buried 
horizontally in the earth and have their ends electrically free. 


1,388,441—Michael I. Pupin, of Norfolk, Connecticut, and 
Edwin H. Armstrong, of Yonkers, New York, filed October 
1, 1915, renewed January 14, 1921, issued August 23, 1921. 
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NUMBER 1,385,141— Multiple Antenna for Electrical. Wave Transmission 


MULTIPLE ANTENNA FOR ELECTRICAL WAVE TRANSMISSION, 
screened against the disturbing effects of electrical impulses of 
short duration. A receiving antenna, of such high resistance as 
to screen the system effectively against disturbing electromag- 
netic waves impressed upon the conductor, is employed in in- 
ductive relation with a low resistance antenna which serves as 
a screen protecting the high resistance antenna against electro- 
magnetic pulses of short duration. 


1,388,450—Edwin H. Colpitts, of East Orange, and Harold 
De Forest Arnold, of Maplewood, New Jersey, Assigned to 
Western Electric Company, filed September 3, 1915, re- 
newed January 13, 1921, issued August 23, 1921. 
TRANSMISSION OF INTELLIGENCE by radio telephony. Radio 
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NUMBER 1,388,450—Transmission of Intelligence 


frequency oscillations of feeble amplitude are generated at the 
transmitter and these feeble oscillations modulated while in their 
feeble state. These feeble modulated oscillations are then am- 
plified both in voltage and amperage to sufficient power for effec- 
tive trsnsmission. 


1.388,793— Wilfred T. Birdsall, of Montclair, New Jersey, filed 
January 5, 1917, issued August 23, 1921. Assigned to 
Westinghouse Lamp Company. 


NUMBER 1,388,793—Vacuum Type Converter 


VACUUM ТҮРЕ CONVERTER, wherein the discharge is not 
dependent upon an auxiliary heating current thru a filamentary 
cathode as is the case with the heated filament. construction of 
the Fleming rectifier and the De Forest tube. The discharge 15 
maintained by virtue of electron emission and operates in the 
absence of auxiliary means for maintaining one or more electrodes 
at an electron emitting temperature. The apparatus comprises 
two filamentary electrodes, means for supplying either a direct 
or alternating current across the electrodes and means for initially 
passing a heating current thru each of the electrodes until they 
are brought to an electron-emitting temperature. Having raised 
the electrodes to this temperature a bi-lateral current flow 15 
established between them and this current flow maintains the 
electrodes at an electron-emitting temperature, the initial heat- 
ing means being disconnected from the electrodes. Another 
feature of the apparatus is the provision of electrostatic shields, 
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22 upon the electrodes which prevent the localization of discharge 
upon restricted portions of the surfaces of either of the electrodes. 
Figure 3 shows the connections for delivering rectified energy to 
the load 34 from an alternating current supply 23. 


1,388.834—Fritz Lowenstein, of Brooklyn, New Yok, filed 
January 19, 1918, issued August 23, 1921. 
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NUMBER vocum mene M Apparatus 


SPARK-GAP APPARATUS for use with quenched spark radio 
transmitters. The quenched gap is carried in a rack associated 
with the wave changer and condensers. The quenched gap unit 
comprises a pair of electrode members insulated from each other 
and having co-operating circular annular sparking surfaces dis- 
posed in parallel, closely spaced relation in combination with a 
bolt extending within the inner peripheries of said sparking sur- 
faces, the bolt threading into one of said members and extending 
thru the other of said members but insulated therefrom and ar- 
ranged to clamp the same in sparking position with the first- 
mentioned electrode. 


1,388,936—Horace St. John de Aula Donisthrope, of London, 
England, filed April 28, 1920, issued August 30, 1921. 

RADIO TELEGRAPHIC AND TELEPHONIC APPARATUS for por- 
table operation. The receiver is made compact by its construc- 
tion in the form of hinged sections similar to a book, with induc- 
tances in the opposite leaves. The apparatus includes a crystal 
detector, a condenser, telephone terminals and aerial and earth 
terminals. The inductances have their coupling varied by a 
change in the angular relationship of the hinged parts. 


1,388,949 — Earl C. Hanson, of Los Angeles, California, filed 
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June 4, 1918, issued to August 30, 1921. Assigned to Title 
Insurance and Trust Company. 


NUMBER 1,388,949—Audio Frequency "Wireless" 
for Fog Signaling System 


AUDIO FREQUENCY “WIRELESS” FOG SIGNAL SYSTEM for the 
piloting of vessels into and out of port in fog or darkness. The 
apparatus is installed upon shipboard to enable navigation thru 
tortuous channels or harbors by visible or audible signals not 
dependent upon lighthouses or buoys. The system includes a 
cable laid in the channel way and energized from an audio fre- 
quency source. The apparatus on shipboard comprises a col- 
lector of the field of force emanating from the cable, a vacuum 
tube amplifier associated with said collector and means for obser- 
ving the received energy. The patent describes both port and 
starboard visible signal lamps operated by the received energy 
and also telephone receivers operated by the amplified energy. 
The patent illustrates the position of a cable for piloting vessels 
in safety thru a mine field. 


1,389,026—Vannevar Bush, of Chelsea, Massachusetts, filed 
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May 19, 1920, issued August 30, 1921. Assigned to Ameri- 
ean Radio and Research Corporation. 
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NUMBER 1,389,026—Radio Receiving System 


Rapio RECEIVING SYSTEM for the reception of sustained 
oscillations which are broken up or modulated into groups at an 
audible frequency by periodically varying the resistance of the 
receiving circuit at audible frequency. 


1,389,255— Leslie R. McDonald, of Montreal, Quebec, Canada, 
filed May 16, 1917, issued August 30, 1921. Assigned to 
William J. O'Leary, of Montreal, Quebec, Canada. 


RADIO FREQUENCY ELECTRICAL OSCILLATION APPARATUS, 
comprising a construction of a combined capacity and inductance 
by which radio frequency energy is transferred from an oscil- 
lating circuit to a working circuit. Both the primary and second- 
ary of the inductive coupling are open so that the coupling 
affords a large proportion of the capacity of the oscillation circuit. 


1,389,351— Charles Howard Harvey, of London, England, filed 
Мау 7, 1918, issued August 30, 1921. Assigned to General 
Electric Company, Ltd., London, England. 

MEANS FOR SUPPORTING ELECTRODES IN IONIC TUBES, com- 
prising a spring mounting for the cathode. The vacuum tube 
'asing is provided with a tubular socket of glass fixed within the 
vessel with a shoulder at the outer end of the socket. An anchor 
wire having a knob аё its end passes slidably thru said socket 
and is engaged by the shoulder. The anchor wire is secured to 
a spring and the spring in turn supports the heated cathode. 
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1,389,800—Roy Alexander Weagant, of New York, N. Y., filed 
February 1, 1918, issued September 6, 1921. Assigned to 
Radio Corporation of America. 


NUMBER 1,389,800—Radio Signaling Apparatus 


RADIO SIGNALING APPARATUS at a radio receiving station 
having a plurality of separated antennas tuned to the same fre- 
queney and adapted to receive horizontally propagated waves 
in a plurality of directions. Figures 2 and 3 show the antennas 
in the form of extended. wires and plates or networks with means 
connected in the antenna circuits for the elimination of statie 
disturbances. 


1,390.2858—John Hays Hammond, Jr., of Gloucester, Massa- 
chusetts, filed July 24, 1913, renewed January 24, 1921, 
issued September 13, 1921. 

SYSTEM FOR CONTROLLING MoviNcG BODIES By RADIO ENERGY 
having at the transmitter means for emitting different frequen- 
cies and at the receiver a plurality of circuits respectively re- 
sponding to the different frequencies. A commutator apparatus 
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Is arranged intermittently and automatically to connect the de- 
tector to any one of the receiving circuits and means synchronized 
with the commutator apparatus are provided for connecting the 
desired control circuits with the detector circuit. 


1,390,883— Theodore W. Case, of Scipio, New York: filed April 5, 
1918, issued September 13, 1921. 

RADIANT-ENERGY DETECTING AND TRANSLATING DEVICE, 
embodying a normally oscillating circuit for indicating very 
shght changes in resistance in a predetermined circuit resulting 
from variations of intensity of light ravs to which resistance is 
exposed. 


1.391,671—Horace St. John de Aula Donisthrope. of London, 
England, filed March 23, 1921, patented September 27. 1921. 

THERMIONIC VALVE FoR USE iN RADIO TELEGRAPHY AND 
TELEPHONY, having hollow hemispherical plate and grid elec- 
trodes inverted over a looped filament. The advantages claimed 
for this arrangement are that the cathode stream is more uni- 
formly distributed than when the ordinary plate tvpe of electrode 
is employed and consequently disintegration is more uniformly 
distributed thereby increasing the life of the valve; and the 
arrangement also serves to damp down or eliminate microphonic 
disturbances or noises. 


1,391,672— William Dubilier, of New York, N. Y.. filed August 
1, 1918, patented September 27, 1921. 

ELECTRICAL CONDENSER, constructed of rectangular plates 
having one dimension substantially greater than the other and 
interleaved with larger rectangular insulating sheets of greater 
length than width. The novelty in this condenser lies in the con- 
struction of the stack. The side edge portions of the longer 
dimension of the condenser plates project alternately bevond 
the two longer sides of the dielectric sheets, the similarly. pro- 
jecting edge portions of the plates being connected together 
thruout their whole length to constitute the terminals for the 
condenser. The terminals are thus constructed to provide the 
shortest mean heat conduction path and the path of lowest 
mean resistance to the exterior of the condenser. 


1.391.673— Willham. Dubilier, of New York, N. Y., filed March 
7, 1919, renewed March 5, 1921. patented September 27, 
1921. Assigned to Dubilier Condenser Company, Inc. 
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NUMBER 1,391,673—Antenna 
Shortening Device 


ANTENNA SHORTENING Device, comprising a plurality of 
condenser sections connected in series and tapped to different 
terminal posts arranged on a casing containing the condenser 
sections. A switch arm is provided movable over the terminal 
posts to connect in circuit the respective condenser sections in 
series with an antenna system to shorten the wave length to the 
desired value. А short-cireuiting contact is provided whereby 
the series condenser may be entirely cut out of the antenna 
circuit. 


1,391,855— Henry K. Sandell, of Chicago, Illinois, filed Novem- 
ber 28, 1919, patented September 27, 1921. Assigned to 
Herbert 8. Mills, of Chicago, Illinois. 


NuMBER 1,391,855— Radio Transmitting 
System 
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Rapio TRANSMITTING SysTEM, employing a vacuum tube 
oscillator circuit having a loop antenna series connected in the 
input circuit of the oscillator and rotatably mounted and another 
loop antenna in series with the output circuit of the oscillator 
and arranged in proximity to the first mentioned loop. In the 
circuit illustrated in the patent the oscillator is modulated by a 
telephone transmitter connected in the input circuit. 


1,393,018—Peter Cooper Hewitt, of Ringwood Manor, New 
Jersey, filed March 9, 1916, issued October 11, 1921. 


Fig. 5. 


NUMBER 1,393,0158—Relay 


RELAY, comprising an evacuated vessel having an anode and 
a cathode therein, a battery connection for heating the cathode, 
a conducting member acting as a screen enclosed within the con- 
tainer and adjacent to the anode and means for heating the con- 
ducting member to a temperature having any desired relation to 
the temperature of the heated cathode. The tube is intended for 
amplifying electrical currents or translating variations and when 
used in such connection either the cathode or the sereen тау 
serve as the grid and the temperature of each may be controlled 
in such manner as to pass the desired amount of current in either 
direction. 


1.3903,077— William C. Brinton, Jr., of Kennett Square, Penn- 
svlvania, filed October 8, 1918, issued October 11, 1921. 
Assigned mesne assignments to Philbrin Corporation. 
ELECTRICAL CONDENSER, comprising layers of conducting 

material and layers of fibrous dielectric material of different 

degrees of hardness and compressibility, the harder and less 
compressible layers being of greater weight than the softer and 
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more compressible layers. The entire condenser is enclosed in 
a tight-gripping casing compressing the layers in inter-relation. 


1,393,594—Wilham C. White, of Schenectady, New York, issued 
October 11, 1921, filed June 3, 1918. Assigned to General 
LElectrie Company. 


Fig.! 


NUMBER 1,393,504—Means for Pro- 
ducing Radio Frequency Oscillations 


MEANS FOR PRODUCING RADIO FREQUENCY OSCILLATIONS 
independently of any coupling between the grid and plate cir- 
cuits of the vacuum tube oscillator. Under certain conditions 
in vacuum tube oscillator circuits, the current in the grid circuit 
may have a dropping characteristic, that is, as the voltage im- 
pressed upon the grid increases, the current in the grid circuit 
will decrease. With the proper conditions for operations, a cir- 
cult having current characteristics of the tvpe described, may 
be so organized that oscillations will be produced therein, the 
essential condition for the production of oscillations being that 
the circuit shall contain capacity and induetance and that the 
resistance of the circuit shall be less than: 


NC 

where L represents the inductance and C the capacity of the cir- 
cuit. А resonant grid circuit is provided including a source of 
potential and adjusted so that the current in the grid will vary 
inversely as the applied potential over a given operating range of 
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negative potential, the source of potential connected to the grid 
circuit being of such value that the normal potential of the grid 
is within the operating range, whereby oscillations will be pro- 
duced in the grid circuit independently of any coupling between 
the grid and plate circuits. 


1,393,602—-E. A. Bayles and H. Higham, of Helsby, England, 
filed December 22, 1919, issued October 11, 1921. Assigned 
one-third to Ernest Richard Royston, Liverpool, England. 
ELECTRICAL CONDENSER, comprising a plurality of condenser 
units, each unit made up of a series of spaced longitudinally 
aligned tubular condensers electrically connected and supported 
in removable racks within an oil container. The individual con- 
densers are composed of coiled or folded laminas of paper and 
metal enclosed within cvlindrical casings adapted to be threaded 
upon a vertically positioned frame carried on the removable rack 
submerged in the tank of oil. 


1.394,026— Lloyd M. Knoll, Philadelphia, Pennsylvania. As- 
signed one-fourth to Thomas Appleby, filed April 2, 1920, 
patented October 18, 1921. 


NUMBER 1,394,026—Radio System 


Клио System for the location of the actual direction of a 
transmitting station as an improvement over systems which 
merely indicate the course of the signals, but do not differentiate 
between the true and converse directions. The system com- 
prises the combination of an antenna circuit with a pair of rectan- 
gular loop collectors rotatably mounted and adapted to have their 
mutual coupling varied and connected in circuit as indicated 
in Figure 3. 


1,394,056— William С. White, of Schenectady, New York. 
Assigned to General Electric Company. Filed July 3, 1920, 
patented October 18, 1921. 
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NUMBER 1,394,056—Signaling System 


SIGNALING SYSTEM, emploving a vacuum tube oscillator and 
modulator. A source of alternating current of low frequency 1 
is provided for supplying energy for the operation of the electron 
discharge oscillators 2 and 3 and the modulators 4 and 5. Cur- 
rent for heating the filaments of the oscillators and modulators 
is also derived from the source 1, being supplied to the filaments 
by means of the transformer 6, the middle point 7 of which is 
preferably grounded. Current for the operation of the oscillators 
and modulators is supplied to the plate circuits by means of the 
transformer 8, the secondary of transformer 8 being oppositely 
connected to the plate circuits of the oscillators 2 and 3 as well as 
to the plate circuit of the modulator 4 and 5. The plate circuits 
of the oscillators and modulators are all completed by a con- 
nection from the middle point 9 of the secondary of the trans- 
former 8 thru a reactance 10 to ground 11. 


1.394,090— Cassius Eugene Hiatt and William Joseph Davis, of 
London, England, filed May 19, 1919, patented October 18, 
1921. 


NUMBER 1,394,090—Valve of 
Radio Transmission Systems 
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VALVE OF RADIO TRANSMISSION SYSTEMS, having a construc- 
tion of plate which provides a high thermal conductivity between 
the plate and its support and which at the same time is of inex- 
pensive manufacture. In the usual forms of vacuum tubes the 
plate is connected by electric welding to the upper end of a metal 
rod or post which at its other end is embedded in the glass зир. 
port or stem, together with the electrical lead or conductor to 
which it is connected and which in turn passes to a terminal post 
of the tube. The electric welding process is usually carried out 
in an atmosphere of hydrogen in order to prevent oxidation and 
during the process the electrode absorbs the hydrogen and is 
therefore not gas-free. In the present construction the plate 
comprises a spirally-wound portion having an integral extension 
embedded in the glass support within the bulb, the extension 
supporting the anode and serving for the connection to the elec- 
trical lead and providing a path of high thermal conductivity in 
addition to its rigid supporting qualities. 


1,394,560— Frederiek A. Kolster, of Washington, District of 
Columbia, filed November 27, 1916, patented October 25, 
1921. 


NUMBER 1,394,560—Apparatus for 
Transmitting Radiant Energy 


APPARATUS FOR TRANSMITTING RADIANT ENERGY, comprising 
a closed radiating circuit including a coil inductance and a capac- 
ity made up of large separated areas and serving with the in- 
ductance as radiating elements. The circuit is placed in oscilla- 
tion by coupling a source of either damped or sustained energy 
to the svstem modulated in accordance with the signals. 


1,394.600— George Maurice Wright, of London, England. As- 
signed to Radio Corporation of American. Filed June 8, 
1916, patented October 25, 1921. 

RADIO TELEGRAPH RECEIVER, having a circuit for the reduc- 
tion of noises due to atmospherics. The natural resistance of the 
antenna may be made of such a value as to damp the atmos- 
pheries while the effective resistance is reduced by the interaction 
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of the incoming and outgoing circuits of a vacuum tube connected 
between the antenna system and the receiver. The filament of 
the vacuum tube is heated so slightly as to produce only very 
small magnification and to all practical degree no magnification 
of the signals, but sufficient to neutralize the antenna resistance 
for the weaker amplitudes of signals and yet render effeetive 
the resistance for the larger amplitudes of atmospherics. 


NuMBER . 1.394,600— Radio Telegraph 
Receiver 
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Eurer. INSULATORS 1 000 TO 


World's Columbian Expesition 
Chicago, 1893 - . 


No.4500- + No. 4502 


No. 7518 : No. 7537 No. 7302 


No. 2 


New. 10 | “Old No. 10. КЕР ee - No. 7370 "2 

"ELECTROSE? Insulators aré standard with UNITED: STATES NAVY and ARMY- 
ānd Wireless Telegraph and Telephone Companies. 

“Electrose” ` is-made in a number of grades for. various requirements, e each бедер 

sessing special characteristics. “Electfose” Insulators--Best i in, Эу, Would for igh 

Frequency Cürrents, Power and Transmission Circuits. on: 


‘*ELECTROSE ’’ STANDARD 


"Arcover" disk strain and suspension: line insulators, ^ 
Disk, Hood, Thimble and. Rod type. strain -insulators; I 3 
insulators, Pin type" line. insulatórs, Insulator PHS, Roof, . Barrier- and | 
and. Insulated. Connectors, single: and. mtriti-part, plain“ апд. docking, Y tid Sun: 


No. 14 


tight, Bus-bar insulators, Insulating Supports -ang Pe E SA i ) ; 

[nsulating Knobs апа -Напд1еѕ, Frsulating sheets, Tubes and ete). SS ae 
Е lectrose Railway Line Material :—“Safet Strain” Hoopla ors, see Strain 3 

Insulators. Instlated Turn-Buckles, Caps and Cones, “ва? АТ: Cones, ~ 

[risulated .Bolts, peed Wire fnsulators~ Third Ran Insulators, als ©. 

Trolley Wire Suspension Insulators, etc., etc: Competes due 


Ignition Insulati ig Parts:— Distributor Blocks, Disks, Swi ch - 
d 


Н | A rs, LS LODS ' ndle S. etc " etc, ys STE- > А7 
"Electrose" і ваја tiofi {certain @tadés) їз recognized. E pce for ^ 
1 Dat - “3 


use in connection with insulating parts for ignition service for 4 
Motor Boats, etc. 
Insulators апа Insulating Parts and Devices of special 


and made to order. 


LFCTROSEAVFE COZ 


SERVICE ACCURACY 


THE 
INTERNATIONAL RADIO 
TELEGRAPH COMPANY 


operates 


Modern coastal stations for ship radio service, 
equipped with high musical tone Transmitters 
and Heterodyne Receivers for damped and 
continuous waves, 

at 


BROOKLYN, М.Ү. CAPE MAY,N. J. 
Call letters WCG Call letters WCY 


SIASCONSET (Nantucket Island) MASS. 
Call letters WSC 


NEW LONDON, CONN. NEWPORT, Р.І. 
Call letters WLC Call letters WCI 


and sells or leases 


Complete ship radio installations using 
damped or undamped waves. The Company 
will contract, at a fixed rate, for complete 
maintenance and operation of ship stations. 
Inspection and Repair Service Stations at 
important ports, including the facilities of 
the Westinghouse Electric & Manufacturing 
Company. Traffic Accounting and Routing. 


THE INTERNATIONAL RADIO 
TELEGRAPH COMPANY 


326 Broadway | New York 


RADIO TELEGRAPH AND 
TELEPHONE EQUIPMENT 


The United Fruit Company's radio communication system, comprised of radio sta- 
tions in practically every country in South America, and on the steamships of the 
“Great White Fleet." and hundreds of U.S. Navy ship and shore stations, are splen- 
did examples of Wireless Specialty Apparatus Co. installations 


We design and manufacture radio equipment of every description from the esperimen- 
tal station to the complete commercial communication system. 


2 K.W. Transmitter 
Type Q.S.F. 2,000 


Including the Priess-Barth Magnetic 
Wave Changer for remote control. 
This apparatus provides the means for 
instantaneous shift to апу one of four 
different wave lengths up to 2,000 
meters. 


FARADON 


‘Reg. U.S. Pat. Of.) 
(TRADE MARK) 


MICA CONDENSERS 


Competitive tests have shown the 
W.S.A. FARADON to be the best 
mica primary condenser yet produced. 
The .004 mfd FARADON is tested 
for thirty minutes at 21,000v. and 18a. 
in a circuit of 1,000 meters, with a 
temperature rise of less than 3.5? C. 
Every condenser is guaranteed for one 
year. We also make mica protective 
condensers and laboratory standards. 


TRIODE 
(Reg. U. S. Pat. Off.) 
(TRADE MARK) 


TWO STEP AMPLIFIER, TYPE B 

This amplifier is an attractive, com- 
pact unit of the resonance type, and 
provides a maximum of low frequency 
amplification. 

The design of this instrument is such 
that it will not “squeal,” “howl,” 
“roar,” ог "fry," as is the case with so 
many amplifiers now on the market. 


WIRELESS SPECIALTY APPARATUS CO. 


ENGINEERS, DESIGNERS, MANUFACTURERS 


BOSTON, MASS., U.S.A. 
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ONE WAY ONLY—THE 
BEST WAY-— BUY! 


RADIO 


For SHIP and 
LAND Stations 


SIMPLE 
EFFICIENT 
DEPENDABLE 
DURABLE 


2 KW. Transmitter and No Critical Adjustments 
Motor Generator 


CUTTING & WASHINGTON 
RADIO CORPORATION 
6 AND 8 WEST 48TH STREET, NEW YORK, N. Y. 


Cable Address: CUTWASH, New York 


III 


OLANDA IRONIA a a RD; 


AC. VOLTS 
100 


Small Instruments for Small Panels 


Roller-Smith Type TIA 


A new line of small А. C. ammeters and 
voltmeters, up to fifty amperes and 150 
1 7p 


volts. Flush and base flange models, 3! 
in diameter and 11%” deep. 

These little instruments are ideal for small 
radio panels of all kinds. They are accurate, 


dead-beat and, above all, DEPENDABLE. 


In addition we can furnish our type TID 
D. C. ammeters and voltmeters to match. 
Send for Bulletins Nos. K-400 and K-410 


ILLER-SMITH COME. 


Electrical Instruments, Meters and Circuit Breakers 


CoAT ba TIE STE LOEO RM ERREUR COOPER UU PELLUS ALUMNO 


ТЇПТЇЇ ОНООНООС 


MAIN OFFICE: WORKS: 
2134 Wool worth Bldg., New York Bethlehem, Pennsylvania 
CHICAGO CLEVELAND DETROIT Я 
Monadnock Block 6523 Euclid Ave. Majestic Building Ж 


Other Offices in Principal Cities | 
ЇЙЇ TENET IH TR TERRENI тт т 
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Federal Audio Frequency Transformers 


Quality - Performance and Efficiency 
Par-Excellent 


No. 226-W = ү! t 
Type А 60 ols 
One 226-W Transformer with one Marcóni V. T. gives an energy am- 
plification of 400 times. (Audibility amplification of 20 times.) 
Two 226-W Transformers with two Marconi V. T.'s give an energy 
amplification of 760,000 times. (Audibility amplification of 400 times.) 
Send 6 cents in stamps for Bulletin 102-W-B 


FEDERAL TELEPHONE ^w TELEGRAPH CO. 


BUFFALO, NEW YORK 


WIRELESS IMPROVEMENT COMPANY 


Arc, Spark and Vecuum Tube Transmitters—Radio 
Compasses, Receivers and Amplifiers for military 
and commercial marine and land installations. 


FACTORY AND LABORATORY 
47 West Street New York, U. S. A. 
Cable address WIRIMPROCO—NEW YORK 


Learn Wireless at Home 


in shortest possible time with the Omnigraph 
Automatic Transmitter. Connected with Buzzer 
will send messages, at у 
speed, just as an experto 

ator would. Used by -S. 


Bureau of Navigation | to test 
all applicants applying for 
Radio licenses, 5 з. 


= Prices $20 and $28. 
OMNIGRAPH MFG. CO., 26 B Cortlandt St., New York 


V 


Consider the Fixed Condenser 


The losses in inefhcient or poorly-designed con- 
densers become very considerable and may appre- 
ciably reduce the operating efficiency of many Radio 
circuits. Usually the Radio man is most critical in 
his selection of the major parts of his apparatus, 
but gives very little thought to the merits of a care- 
fully-designed fixed condenser. 


| 


Midget Fixed 


Condensers 


are смеш. designed апа M 
constructed of mica. copper an 

Type ROCF .005 mí Bakelite Dilecto.“ Grebe Midget 

Condensers wil! carry a potential 
up to 1000 volts without danger of breakdown. The various 
sizes permit the use of these condensers individually or as com- 
bination capacities in almost any Radio circuit. The dimensions 
of the base are 1х2": the height varying with the capacity. from 
38" to 74". 

There are any number of fixed condensers on the market, but 
you will find only in Grebe Midget Condensers the painstaking 
precision that has made Grebe Radio apparatus the acknowledged 
standard in the amateur and experimental fields. 


The 


Type ROCC .0002 mf 


Central Radio Institute, Kelly ane ents: 
Endependence, Mo. Brooklyn, 
Continental Radio and Electric Corp., кача вао сорап. 
New York Manhattan Electrical Supply Co.. 
Detroit Electric Co. New York, Chicago, St. Louis 
Detroit, Mich. Leo J. Meyberg Co.. 
Doubleday-Hill Electric Co. San Francisco, Cal. 
Pittsburgh. Pa. re кше со» їп 
Electrical Specialty Co. ew York City. 
Columbus. Ohio; R Phila. School of Wireless Telegraphy, 
Holt Electric Utilities Co., от od 
Jacksonville, Fla. Boston. Mass. 
Hurlburt-Still Electrical Co., Western Radio Electric Co.. 
Houston, Texas Los Angeles, Cal. 


Ask Your Dealer to show you our line of Super- grade Apparatus. If he 
doesn’t carry it, write us for Catalog, mentioning his name 


A. H. GREBE & CO., Inc. 
76 Van Wyck Blvd. - - Richmond Hill, N. Y. 
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Left:—Exide Battery, Туре MV 11, 
60 cells, on deck of S.S. Comus; 
Southern Pacific Company. 


Below:—Standard wireless switch- 
board and 2-KW. Marconi transmit- 
ter in wireless room of S. S. Comus. 


BATTERIES 


When the Engine Room Is Flooded 


and the ship's dynamos hopelessly out of commission, 
the mighty voice of the wireless continues to send its 
urgent call for help. 


For on their topmost decks, hundreds of lake and 
ocean steamers are carrying Exide Batteries against the 
emergency that may necessitate their use. 


. On sea and on land, Exide Batteries have played an 
important part in the history of the wireless. More than 
32 years of battery building experience assures you of 
that absolute reliability so essential to the unfailing oper- 
ation of the wireless. 


Let us tell you more about the 
Exide Batteries and the Steam- 
ship Companies that are using 
them. 


THE ELECTRIC STORAGE BATTERY Co. 


Oldest and largest manufacturers in the world of 
storage batteries for every purpose 


1888 PHILADELPHIA 1921 


Branches in 17 Cities 


Exide Batteries of Canada, Limited 
133-157 Dufferin St., Toronto 
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EVOLUTION IN RADIO 


DELE constant and eternal striving of 

mankind for something better is strik- 
ingly shown by the recent development and 
progress in radio telegraphy and radio 


telephony. 
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f Ж ое Radio Corporation of America 
represents evolution in radio. Whether 
apparatus 1s intended for high power stations, 
ship-to-shore service, laboratory or experi- 
mental equipment, there is always the assur- 
ance of progressive development. 
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T exclusive rights to many important 
inventions are ours. The manufactur- 
ing and research facilities of the General 
Electric Company are also ours. Couple 
these facts with twenty years of experience 
in the radio field, and you will understand 
why the Radio Corporation of America is, 
today, the foremost organization in the art 
of radio communication. 
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Jt will be a pleasure for our nearest office 
to furnish any information desired. 


RADIO CORPORATION 
OF AMERICA 


EDWARD J. NALLY, President 
WOOLWORTH Buitpinc, New York Crry 
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А BRANCH OFFICES IN THE U.S. А. 
Boston Portland Cleveland 
New Orleans Baltimore San Pedro 
Seattle Port Arthur Savannah 
Philadelphia San Francisco Chicago 


Galveston Norfolk Honolulu 
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Genuine Seibt Precision Variable Air Condensers 


These condensers need no introduction to those engaged in the radio 
art previous to the war. 


They are constructed entirely 
ditferent from other condensers in- 
asmuch as both the movable and 
fixed sets of plates are each 
milled out of a solid casting. The 
advantages gained by this con- 
struction are: absolute rigidity of 
plates, extraordinary compact- 
ness, large minimum to maximum 
capacity ratio, high insulation re- 
sistance and low effective resist- 


ance. 
Genuine Seibt Precision Variable Air Condensers are obtainable in the follewing capacities: — 
0.0006 mfd. ог ү cms. $22.00 
TDA S S1000 dri 6.0012 000 29.50 
51000 0.0022 2009 37.50 
54000 0.0044 60.00 


PACENT ELECTRIC COMPANY, Inc. 


LOUIS GERARD PACENT, President 
Re resenting A. H. Grebe & Co., Rawson Electrical Inst. Co., Richter-Schottler 
Со, Dubilier Condenser Co. The Magnavox Co., the Electrical Products Mfg. 
Co., Wireless Improvement Co., Inc. H. W. Sullivan and others. 
150 Nassau St, Telephone: Beckman 5810 New York City 


DUBILIER MICA CONDENSERS 


Over 250,000 in service 


The most efficient and eco- 
nomical condenser made. Adopt- 
ed as standard by almost every 
Government and Radio Com- 
pany. 

.004 mfd. units tested at 21,- 
000 Volts, 19 amperes. 

.25 mfd. units, suitable for 
filter circuits, tested at 1,500 
Volts, price $6.00. 

Small condensers in metal 
cases, .0001 to .01 mfd., suitable 
for vacuum-tube circuits, tested at 1,500 Volts, price $2.00 

Protective devices for 1 K.W. sets and smaller, two .02 mfd. units, 
tested at 2,500 Volts, price $9.00. 

Protective devices for 2 to 10 K.W. sets, two .05 mfd. units, tested 
at 3,000 Volts, price $15.00 


Ready for Immediate Deliveries 


DUBILIER CONDENSER CO, Inc. 


217 Centre Street New York, N. Y. 
For England, Address 


Ducon Works, Goldhawk Road, Shepherds Bush W. 12, London, Eng. 


Address all inquiries for condensers for amateur and educational purposes to 
the PACENT CTRIC COMPANY, INC., 150 Nassau Street N. Y. City, N.Y. 
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MESCO RADIO BUZZER 


With mat Resistance — U. S. Navy and U. S. Army Standard 


The Radio Officers of the NC Planes 
after testing all other buzzers, decided to 
use the “Mesco” on their radio equipment. 
The R-34 was equipped with two Mesco 
Radio Buzzers. 

Why? Because of its reliability and 
constancy in operation; greater output 
efficiency; ease of adjustment; unaffected 
by extreme variations in weather con- 
ditions; exposed wires eliminated. 

Sparking i is almost entirely eliminated, 
so that the energy lost in light and heat 

in the operation of other buzzers is here conserved and radiated in the 
form of oscillating energy. 

This buzzer maintains a constant note and is recommended as an 
exciter for checking wave-meters where pure note and ample energy 
are required 
List No. 55 Mesco Radio Buzzer Price $2.50 


New Wireless Catalog at our stores, $0.25 
MANHATTAN ELECTRICAL SUPPLY CO., Inc. 


NEW YORK—17 Park Place 110 W. 42d St. 127 W. 125th Se. 
CHICAGO ST. LOUIS SAN FRANCISCO 
114 So. Wells St. 1106 Pine St. 604 Mission 5. 
Wireless expert at ell eur stores 
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ТҮРЕ 215—2 STEP AMPLIFIER 


An efficient, attractive and reliable amplifier unit. Self-contained 
except for filament battery. By means of a special drum switch shift 
may be made from two stages of amplification to one stage or to de- 
tector. This switch controls both filament and telephone circuits. 
No plugs and jacks to bother with. Unit is mounted in oak case with 
removable bakelite panel, thus making the component parts accessible 
for examination or for the conducting of experiments. 


PRICE $50.00 
Fully described in Bulletin 906R 


GENERAL RADIO CO. 


Massachusetts Avenue and Windsor Street 
Cambridge 39 Massachusetts 


AMERICAN 
TRANSFORMERS 


CUSTOM MADE 


Designed and constructed to 
fill the special requirements 
of our customers 


Nineteen years’ experience in handling Radio problems 


American Transformer Company 


| 
178 Emmet Street Newark, N. J. 


Ten Step 
Variable 


Inductor 
With dead 


end switch 


Min. Ind. 1.25 
M 


H. Mounted 
in oak box 
with Bakelite 
panel. 

Price, $15.00 
Bulletins Y,Z 


and R sent on 
request. 


CLAPP-EASTHAM COMPANY 
150 Main Street : : Cambridge, Mass. 


Murdock Radio Receivers 


An inexpensive, surprisingly sensi- 


tive, thoroughly workmanlike head 


set, universally conceded ‘‘the most 


for the money." Their record for 


sensitive service in thousands of 


stations, amateur and commercial. 


is their best advertisement. 


PRICES: 
2000 OHM DOUBLE SET - $450 
3000 OHM DOUBLE SET - 5.50 


WM. J. MURDOCK CO. 


70 Carter Street, Chelsea, Mass. 


509 Mission Street, San Francisco 


As specialists in the de- 
меп and construction 
of Transformers we are 
prepared to quote prices 
and delivery оп Trans- 
formers singly or in 
quantity. 


Our Radio Transformers 
are well known for their 
high efficiency and. rug- 
redness. 


ACME APPARATUS COMPANY 


32 WINDSOR STREEF. CAMBRIDGE 39, MASS. 


TRANSFORMER AND RADIO ENGINEERS AND MANUFACTURERS 


BAKELITE-DILECTO 


The Standard Insulating Material for all 


RADIO WORK 


Waterproof—Strong—High Electrically— 
Furnished in Sheets, Rods, Tubes, and 


Special Shapes. Samples on request. 


Also makers of High-Grade 
Vulcanized Fibre 


THE CONTINENTAL FIBRE CO. 


Newark, Del. 


New York Office, 233 Broadway Chicago Office, 332 South Michigan Ave. 
Pittsburgh Office, 301 Fifth Ave. 
San F rancisco Office, 525 Market St. 
Los Angeles Office, 411 South Main St. 
Canadian Office, 1710 Royal Bank Building, corner King and Yonge 
Streets, Toronto, Ontario, Canada. 
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To the Radio Engineer | 
Radio Manufacturer 
Radio Amateur 
You cannot afford to do without the 


Proceepincs оғ Tue Institute or. Rapio 


ENGINEERS 


Nowhere else can you get the latest information on 
Transmitters, Receivers, Bulbs, Radio Telephony, 
Elimination of Strays, and every other important 
radio topic. 


ө е g i : : 
Subscription per year pee а 


Address 
Secretary, 


| 
| 
INSTITUTE OF RADIO ENGINEERS | 

COLLEGE OF THE CITY OF NEW YORK | 
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1 EDITED BY 
ALFRED N. GOLDSMITH, Ph.D. 


PUBLISHED EVERY TWO MONTHS BY 
THE INSTITUTE OF RADIO ENGINEERS 


THE COLLEGE OF THE CITY OF NEW YORK 
140th Street and Convent Avenue, New York, N. Y. 


La 


Subscription $9.00 per Annum in the United States 
$9.60 ia all other Countries 


GENERAL INFORMATION AND SUBSCRIPTION RATES ON PAGE 467 
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RADIO CONDENSERS 


MODEL UC 1804 


0.002 MFD. 15000 VOLTS EFF. 
28 AMPS. AT 300 METERS TO 9 AMPS. AT 3,000 METERS 


The advent of continuous wave transmitters, particularly of the vacuum 
tube type, has demanded the design of a new general type of condenser 
which would not only have a high factor of safety for high potential service 
but which could be safely subjected to very severe current loading. The 
rapid increase of the effective resistence of a condenser with temperature, 
produces an accumulative effect which presents a very serious design prob- 
lem. This problem has been met very satisfactorily by the unit here shown, 
which, in the above-mentioned rating, is known as Model UC 1804. 


The shape of the 
minum alloy casing 
to afford the great- 
mal conductivity 
allel stacks, which 
area and minimum 
ductivity is further 
central stud which 
mal contact with 
several stacks and 
on the top in a 
the double function 
and a dust pro- 
insulator. With 


non-corrosive alu- 
has been designed 
est degree of ther- 
from the four par- 
are of maximum 
length. This con- 
aided by a heavy 
has intimate ther- 
the ends of the 
which  terminates 
large bell, serving 
of a heat radiator 
tector for the mica 


in the large bell is a smaller one acting as a shield to carry 


the major portion of the electrostatic field outside of the insulator. This 


smaller bell also carries an adjustable spark gap, which has been found to 
be a very important element in protecting this condenser against unusual 
high-voltage surges. This condenser is very thoroughly filled with a special 
wax under vacuum, and is provided with a special spring diaphragm which 
insures that, after heating and expansion under excessive overload, the 
wax, during contraction, will not recede from important portions of the 
condenser. Attention is also invited to the rubber gaskets used in closing 
the eondenser case. These gaskets, put on with a special varnish, prevent 
moist air from being "pumped" into the condenser in marine use, and under 
conditions of extreme humidity and extreme temperature changes, as expe- 
rienced in the tropics. 
Over-al] Dimensions 6 in. x 6 in. x 83; in. Weight 9 lbs. 


Price (f.o.b. Boston ...... $50.00 


( Discounts on quantities of 100 or more? 
Ready for immediate deliveries 


WIRELESS SPECIALTY APPARATUS CO. 


BOSTON, MASS., U. S. A. 


ESTABLISHED 1907 


` 
write 


WSA COASTAL RADIO STATION Easthampton, Long Island 
Radio for Ship and Land Stations 


CUTTING & WASHINGTON 
RADIO CORPORATION 
6 WEST 48TH STREET NEW YORK, N.Y. 


Cable Address: CUTWASH, New Yerk 
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of the antenna current is clearly 8 
shown by the Roller-Smith type & 
TAW thermal ammeter. Rug- § 
gedness and ability to withstand 8 
moderate overloads are also fea- & 
tured in its design. 


For additional information & 
send for Bulletin No. К - 10 in 8 
which are also listed D. C. and B 
A.C. voltmeters, ammeters, 
Type TAW thermal ammeter, and milliammeters for various 

flush model circuits of vacuum tube sets. 


MAIN OFFICE: 
2134 Weelwerth Bldg., NEW YORK epu Bethlehem, Pennsylvania 
CHICAGO CLEVELAND 8 
Monadnock Block . 7016 Euclid Ave. 3 
Other Offices in Principal Cities in U. S. and Canada = 


tundan ead UL 


HIGH POWER 
RADIO APPARATUS 


No other type of high power radio transmitter can compare with 
the “FULLER” type ARC CONVERTER in simplicity, reliability, 
economy and efficiency. Designed by the engineer who was re- 
sponsible for the design of the giant arcs which comprise the 
American Navy Department’s great chain of high power stations, 
the transmitters manufactured by this company and sold and in- 
stalled anywhere in the world, offer many advantages over other 
high power radio frequency generators, which the purchaser and 
user cannot afford to overlook. 

Any capacity from 2 to 1,000 Kilowatts, 

with working ranges up to 12,000 miles 


WIRELESS IMPROVEMENT COMPANY 


Works and Offices 
66 York Street Jersey City, N. J., U.S.A. 
CABLE ADDRESS: WIRIMPROCO, NEW YORK 


II 


ТҮРЕ 580 DUBILIER C.W. CONDENSER 


Especially de- Unsurpassed 
signed for C.W. for 
and antenna Vacuum tube 
circuit duty » Transmitters 
EXTREMELY COMPACT BUILT OF INDIA MICA 
RUGGGED CONSTRUCTION INFINITESIMAL LOSSES 
CONSTANT CAPACITY EASILY MOUNTED 


Triple Capacity Type580 Catalog No. 310 
0.0003 mfd. 0.0004 mfd. 0.0005 mfd. 
6,000 volts 4 amperes PRICE $4.50 


LET M CT rS S80 Capacity 0.001 mfd. 5000 vol P $4.00 
Я pacity 0. : РИТЕ ice, Е 

9312 УР 580 0.002 mfd. 5000 volts.......... noe 74:00 

313 580 0.005 mfd. 5500 wolts............ 4.00 

314 580 0.01 mfd. 2500 volts............ 4.00 

315 580 0.02 mfd. 2500 volts............ 4.00 

Further information is contained in Catalog Gl descriptive of the complete line of 
Pacent Radio Essentials” which will be sent you on receipt of five cents in stamps. 
PACENT ELECTRIC COMPANY, Inc. 

LOUIS GERARD PACENT, President 
150 Nassau St. Telephone: Beekman 5810 New York City 


Full Sets of the 
Hrnureehings of The Iustitute of Radio Engineers 
From Volume | Thru Volume 5 


Address the Secretary, Institute of Radio Engineers, College 
of the City of New York, giving condition of set, whether 
bound or unbound, and price asked. 
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LearnThe Codeat Home 


in shortest possible time with the Omnigraph 
Automatic Transmitter. Connected with Buzzer 
will snd messages, at any 
speed, just as an expert oper- 
ator would. Used by U. S. 
™ Bureau of Navigation to test 
7 all applicants applying for 

Radio licenses, models. 


SSS CAFES 
: Prices $22 and $30. 


OMNIGRAPH MFG. CO., 26 B Cortlandt St., New York 
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How Important 
is a Good Condenser ? 


Science and experience prove that a chain is no stronger than its weakest link. 
The discerning radio man is most particular about the major parts of his apparatus, 


0 


but usually overlooks опе vital spot—the fixed condenser. 


Type ROCC .0002mf. : ‚ 
к" 43 Midget Fixed Condensers 


are as carefully designed and built as the finest of our famous receivers. Mica, 
copper and Bakelite-Dilecto make it possible for them to successfully carry a 
potential of 1,000 volts. The various capacities permit their use, individually or 
in combination, in almost any radio circuit. 
The bases measure 1 in. x 2 in., the height varies witlr the capacity from 38 in, 
7$ in. 
Connect one of these wonderful condensers into vour receiving circuit and see 
what the “weak link" has been costing you in efficiency. 


Ask your Dealer or order direct. 


Ask Your Dealer to show you our line of Super-grade Apparatus. If he doesn't 
carry it, write us for Catalog, mentioning his name 


A. H. GREBE & CO, Inc. 


76 VAN WYCK BLVD. - . RICHMOND HILL, N. Y. 


ACME TRANSFORMERS 


As specialists in the de- 
sign and construction 
of ‘Transformers we are 
prepared to quote prices 
and delivery on Trans- 
formers singly or in 
quantity. 


Our Radio Transformers 
are well known for their 
high efficiency and rug- 
redness. 


ACME APPARATUS COMPANY 
200 MASSACHUSETTS AVENUE 
CAMBRIDGE 39, MASS. 


TRANSFORMER AND RADIO ENGINEERS AND MANUFACTURERS 


Exide 


BATTERIES 


Again Selected for 
Duty In the Polar Regions 
When MacMillan, the Arctic explorer, left Bos- 


ton several weeks ago bound for the Frozen 
North, he took with him an Exide equipped wire- 
less. This confidence in Exide Batteries recalls 
the remarkable record of dependability and en- 
durance made by them seven years ago when the 
noted explorer headed the Crocker Land Expedi- 
tion. 


Exides are used essay for the wireless in 
Government and the big privately owned plants, 
in the elaborately equipped amateur stations; by 
the U. S. Signal Corps and on board ships. 


Write for Bulletin 175 describing Exide Batteries for Wireless 


THE ELECTRIC STORAGE 
BATTERY CO. 


Oldest and largest manufacturers in the world of 
storage batteries for every purpose 


1888 PHILADELPHIA 1921 


Branches in 17 Cities 


Exide Batteries of Canada, Ltd. 
133-157 Dufferin St., Toronto 
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A Decade of Radio Development 


Progress in radio communication during the last 
ten years has been extraordinarily rapid. The 
aims of the founders of 


The Justitute of Radio Cugtneers 


| 
to further this development have been realized, 


in large part, in the services the Institute has 

rendered this new electrical art. The Institute 

invites those interested in radio communication, 
either commercially or in an amateur connec- 

tion, to affiliate themselves with it. Applica- 

tions should be addressed to the Secretary, 

The Institute of Radio Engineers, College 

of The PAY of New York, New York, N.Y. Е 
і 


SPECIAL 
PURES MICA CONDENSERS 


This condenser was designed 
for the U.S. Government dur- 
ing the war, for use in a Phan- 
tom Antenna or as a Series 
Antenna Condenser. 

It is built for operating at 
30,000 volts Capacity, .0004 
mfd. Current. 10 amperes. 

The applications for this con- 
denser in a laboratory are 
numerous. 

These condensers were manu- 

Type 56 factured in excess of our Gov- 

ernment contracts and formerly 

sold for $50.00 each. In order to reduce this stock we are quoting 
for a limited tine a price of $15.00 each F.O.B. New York City. 


DUBILIER CONDENSER CO, Inc. 
217 Centre Street New York, N. Y. 


Foreign Licensees 
England—Dubilier Condenser Co., Ltd., London. 
Canada—Canadian General Electric Co., Toronto. 
France—G. Capart, Paris. 
Germany—Gesellschaft fiir drahtlose Telegraphie (Telefunken) Berlin 
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More than an Abbreviation 


HREE activities of the Radio Corporation of 
America are summed up in the letters “R С А.” 


(1) In trans-oceanic communication, the routing des- 
ignation “Via RCA” has come to mean that the sender 
of a radio message wishes to avail himself of the Radio 
Corporation of America’s unexcelled service—a service 
that insures accuracy, speed and economy. 


(2) In Marine Communication the routing desig- 
nation is again “Via КСА” for the same reason. 


(3) When the amateur and experimenter buys a 
piece of radio apparatus for his own use he looks for 
the letters “RCA.” They mean to him that the ap- 
paratus to which they are applied embodies the im- 
provements made by the foremost radio engineers. 


The letters “RCA” are more than an abbreviation, 
because they symbolize the massed research facilities, the 
skill and resources of the associates of the Radio Cor- 
poration of America :— - 


The General Electric Company 
The American Telegraph & Telephone Co. 
The Western Electric Co. 
The Westinghouse Electric & Mfg. Co. 


Radio cS Corporation 


BRANCH OFFICES IN THE U.S. A. 


Boston Philadelphia Baltimore Norfolk 

New Orleans Galveston Port Arthur Cleveland 

Seattle Portland San Francisco San Pedro 
Savannah Chicago Honolulu 


Westinghouse 
Radio Apparatus 


\ 
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“Vocarola” 


The loud speaker attachment that amplifies 
music without distortion 


$30.00 


Westinghouse Electric and Manufacturing Company 
East Pittsburgh, Pa. 


Westinghou se 


2 STAGE AMPLIFIER 


An efficient, attractive and re- 
liable amplifer unit, self-con- 
tained except for filament battery. 
The energy amplification of each 
stage is approximately 400. 

y means of a single drum 
switch, constructed to have high 
insulation resistance and low elec- 
trostatic capacitance, shift may be 
made from two stages of ampli- 
fication to one stage or to de- 
tector. This switch controls both 
flament and telephone circuits. 
No plugs and jacks to bother 
with. 

All units are of our own man- 
ufacture. They are compacti 
mounted on the hakelite panel: 


Type 2 which may be readily removed. 
15 permitting examination of all 


| units. 


| PRICE $50.00 


FULLY DESCRIBED IN BULLETIN 906R 


GENERAL RADIO COMPANY 
Manufacturers of 
| Electrical and Radio Laboratory Apparatus 


Massachusetts Avenue and Windsor Street 
CAMBRIDGE 39 MASSACHUSETTS 


AMERICAN 
TRANSFORMERS 


CUSTOM MADE 


Designed and constructed to 
fill the special requirements 
of our customers 


Twenty years' experience in handling Radio problems 


American Transformer Company 
178 Emmet Street Newark, N. J. 
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MESCO RADIO BUZZER 


With Shunt Resistance — U. S. Navy and U. S. Army Standard 


The Radio Officers of the NC Planes 
after testing all other buzzers, decided to 
use the *Mesco" on their radio equipment. 
The R-34 was equipped with two Mesco 

ae Radio Buzzers. 
fr = Why? Because of its reliability and 
l- constancy in operation; greater output 
№ Mir efficiency; ease of adjustment; unaffected 

Has 1) by extreme variations in weather con- 
> 1 ditions; exposed wires eliminated. 
Г rr! Sparking is almost entirely eliminated, 
so that the energy lost in light and heat 
in the operation of other buzzers is here conserved and radiated in the 
form of oscillating energy. 

This buzzer maintains a constant note and is recommended as an 
exciter for checking wave-meters where pure note and ample energy 
are required. 

List No. 55 Mesco Radio Buzzer Price $2.50 


New Wireless Catalog at our stores, $0.25 
MANHATTAN ELECTRICAL SUPPLY CO., Inc. 


NEW YORK—17 Park Place 127 W. 125th Se. 
CHICAGO А SAN FRANCISCO 
114 So. Wells St. А 604 Mission Se. 
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Wireless expert at all our steres 


BAKELITE-DILECTO 


The Standard Insulating Material for all 


RADIO WORK 


awa rth IEP Electrically— 


Furnished in Sheets, Rods, Tubes, and 


Special Shapes. Samples on request. 


Also makers of High-Grade 
Vulcanized Fibre 


THE CONTINENTAL FIBRE CO. 


Newark, Del. 


New York Office, 233 Broadway Chicago Office, 332 South Michigan Ave. 
Pittsburgh Office, 301 Fifth Ave. 
San Francisco Office, 525 Market St. 
Los Angeles Office, 411 South Main St. 
Canadian Office, 89 Wellington St., West, Toronto, Ontario, Canada 


Digitized by Google 


` WORLD'S ONLY MAKER | 


Moulded High F requency High Tension кыз, 
POTENTIALS 1,000 < TO + 1,000,000 VOLTS | T 


Md and 
received at 
World's 
Colombian 
Chicago, “1893 


INSULATION 
MADE IN AMERICA 


Louis Steinberger’s Patents 


ARRIVED 


"AIR.CAP TYPE AIR-GAP TYPE —— 
INSULATORS INSULATORS — — 


Audio Frequencies 
Transmission Lines 
Sub Station Bushings 
Transformer Bushings 


Radio Frequencies 
Radio Telegraph 
| Radio Telephony 
X-Ray Apparatus 


Í Damped or Sustained Oil Switches 
_ Voltages Circuit Breakers, Etc. ' 
Air Gap Air Gap 


lí" and Upward ` 
Maximum Mechanical 


l4" and Upward 
Maximum Dielectric 


—  — Strength | NUMBER \ 8350 Strength 
MINIMUM DIELECTRIC LOSS MINIMUM COST 


MINIMUM WEIGHT MINIMUM PHYSICAL DIMENSIONS 
| Materials so proportioned that: 
MAXIMUM ELECTRIC STRESSES FORMED IN AIR 
EXTENSIVE TESTS under sustained radio frequency operation show: 


NO DETECTABLE HEATING 


ARC-OVER ESTABLISHED IN AIR 


“ELECTROSE” Insulators are standard with United States Navy and Army and Wireless 
Telegraph and Telephone Companies. 

“ELECTROSE” is made іл a number of grades for various requirements, each grade pos- 4 
sessing special characteristics. 
"ELECTROSE' Insulators—Best in the World for High Frequency Currents, Power and 

Transmission Circuits. 


SOLE. MANUFACTURERS 60-82 Washington St. 21-31 York St. 
Ф 66-76 Front St. 1-23 Flint St. 


Brooklyn, N. Y., America 


BLANCHARD PRESS, INC,, N.Y. 
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